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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of priority under 35 U.S.C. §119(e) to U.S. Provisional Patent Application
No. 61/497,821 filed June 16, 2011, the disclosure of which is incorporated by reference herein in its entirety.

INCORPORATION BY REFERENCE

[0002] The following patents, applications and/or publications are incorporated herein by reference for all purposes:
U.S. Patent No. 7,041,468; U.S. Pat. No. 5,356,786; U.S. Pat. No. 6,175,752; U.S. Pat. No. 6,560,471; U.S. Pat. No.
5,262,035; U.S. Pat. No. 6,881,551; U.S. Pat. No. 6,121,009; U.S. Pat. No. 7,167,818; U.S. Pat. No. 6,270,455; U.S.
Pat. No. 6,161,095; U.S. Pat. No. 5,918,603; U.S. Pat. No. 6,144,837; U.S. Pat. No. 5,601,435; U.S. Pat. No. 5,822,715;
U.S. Pat. No. 5,899,855; U.S. Pat. No. 6,071,391; U.S. Pat. No. 6,120,676; U.S. Pat. No. 6,143,164; U.S. Pat. No.
6,299,757; U.S. Pat. No. 6,338,790; U.S. Pat. No. 6,377,894; U.S. Pat. No. 6,600,997; U.S. Pat. No. 6,773,671; U.S.
Pat. No. 6,514,460; U.S. Pat. No. 6,592,745; U.S. Pat. No. 5,628,890; U.S. Pat. No. 5,820,551; U.S. Pat. No. 6,736,957;
U.S. Pat. No. 4,545,382; U.S. Pat. No. 4,711,245; U.S. Pat. No. 5,509,410; U.S. Pat. No. 6,540,891; U.S. Pat. No.
6,730,200; U.S. Pat. No. 6,764,581; U.S. Pat. No. 6,299,757; U.S. Pat. No. 6,461,496; U.S. Pat. No. 6,503,381; U.S.
Pat. No. 6,591,125; U.S. Pat. No. 6,616,819; U.S. Pat. No. 6,618,934; U.S. Pat. No. 6,676,816; U.S. Pat. No. 6,749,740;
U.S. Pat. No. 6,893,545; U.S. Pat. No. 6,942,518; U.S. Pat. No. 6,514,718; U.S. Pat. No. 5,264,014; U.S. Pat. No.
5,262,305; U.S. Pat. No. 5,320,715; U.S. Pat. No. 5,593,852; U.S. Pat. No. 6,746,582; U.S. Pat. No. 6,284,478; U.S.
Pat. No. 7,299,082; U.S. Patent Application No. 61/149,639, entitled "Compact On-Body Physiological Monitoring Device
and Methods Thereof’, U.S. Patent Application No. 11/461,725, filed August 1, 2006, entitled "Analyte Sensors and
Methods"; U.S. Patent Application No. 12/495,709, filed June 30, 2009, entitled "Extruded Electrode Structures and
Methods of Using Same"; U.S. Patent Application No. 12/698,124, filed February 1, 2010, entitled "Compact On-Body
Physiological Monitoring Devices and Methods Thereof’; U.S. Patent Application No. 12/698,129, filed February 1, 2010,
entitled "Analyte Sensor And Apparatus For Insertion Of The Sensor"; U.S. Patent Application Publication No.
US2004/0186365; U.S. Patent Application Publication No. 2007/0095661; U.S. Patent Application Publication No.
2006/0091006; U.S. Patent Application Publication No. 2006/0025662; U.S. Patent Application Publication No.
2008/0267823; U.S. Patent Application Publication No. 2007/0108048; U.S. Patent Application Publication No.
2008/0102441; U.S. Patent Application Publication No. 2008/0066305; U.S. Patent Application Publication No.
2007/0199818; U.S. Patent Application Publication No. 2008/0148873; U.S. Patent Application Publication No.
2007/0068807; US patent Application Publication No. 2010/0198034; U.S. Patent Application Publication No.
2010/0325868; and US Provisional Application No. 61/149,639 titled "Compact On-Body Physiological Monitoring Device
and Methods Thereof’; U.S. Provisional Patent Application No. 61/368,553, filed July 28, 2010, entitled, "Analyte Sensors
Having Temperature Independent Membranes"; U.S. Provisional Patent Application No. 61/415,174, filed November
18, 2010, entitled, "Adaptor for On-Body Self-Powered Analyte Monitoring System"; and U.S. Provisional Patent Appli-
cation No. 61/421,371, filed December 9, 2010, entitled, "Analyte Sensors with Reduced Sensitivity Variation", the
disclosures of each of which are incorporated herein by reference in their entirety.

BACKGROUND

[0003] In vivo analyte monitoring systems include an in vivo analyte sensor. At least a portion of the sensor is positioned
beneath the skin surface of a user to contact bodily fluid to monitor one or more analytes in the fluid over a period of
time. This is also referred to as continuous analyte monitoring in that the sensor remains positioned in the user for a
continuous period of time.
[0004] Analyte sensors may have temperature dependencies and the sensor signals produced by the sensors are
may then be affected by temperature changes. An error caused by temperature measurement may lead to an associated
error in analyte measurements, such as blood glucose measurements. WO2010/040090, US2010/268475, US7768386,
US2011/105873, US2009/275815, and US7835925 show systems for analyte measurements with temperature com-
pensation.

SUMMARY

[0005] The invention is defined by the claims. Aspects of the present disclosure relate to analyte monitoring systems,
devices, and methods thereof related to temperature compensation, such as temperature compensated glucose values.
Included are devices, computer-implemented methods, and systems that determine temperature of an environment
surrounding an in vivo glucose sensor, and whether the temperature adversely affects the in vivo analyte sensor glucose
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data, e.g., the temperature is too high and/or too low. If the temperature may adversely affect the glucose data, the
system may be responsive to the temperature information so that erroneous glucose information is not presented to the
user. Determined glucose values may be modified or not depending on the temperature and/or glucose values may be
displayed to a user or not depending on the temperature. Temperature data may be in vivo temperature data (e.g.,
obtained at the location of a working electrode of an in vivo analyte sensor during a sensing process such as on or near
the body-inserted sensor portion) and/or may be ambient temperature, and/or may be temperature of a processor of a
sensor electronics unit such as a sensor control unit and/or may be skin surface temperature.
[0006] In certain embodiments, a processor of a glucose monitoring system may always compensate in vivo glucose
sensor data based on temperature, but a display device will not display the temperature-compensated glucose values
if the temperature is determined to exceed a predetermined threshold, or a processor of a glucose monitoring system
will only compensate in vivo glucose sensor data based on temperature if temperature is determined to be within a
predetermined range, and a display device will display temperature un-compensated glucose values if the temperature
is determined to be within a first range predetermined range and will display temperature-compensated glucose values
if temperature is determined to be in a second range.
[0007] Embodiments include obtaining glucose data from an in vivo glucose sensor, obtaining temperature data from
one or more temperature sensors, comparing the temperature data to a predetermined temperature threshold, and
determining a temperature-compensated glucose value if the temperature data does not exceed the predetermined
threshold, and not determining a temperature-compensated glucose value if the temperature data does exceed the
predetermined threshold. Certain embodiments may include not compensating for temperature if the temperature data
is within a predetermined range. In other words, glucose values may be adjusted or not based on temperature data
obtained at the same or substantially same time as the glucose data.
[0008] Embodiments include methods that include displaying information responsive to obtained temperature data.
Embodiments include obtaining glucose data from an in vivo glucose sensor, obtaining temperature data from one or
more temperature sensors, comparing the temperature data to a predetermined temperature threshold, and displaying
on a user interface device a temperature-compensated glucose value if the temperature data does not exceed the
predetermined threshold, and not displaying a temperature-compensated glucose value if the temperature data does
exceed the predetermined threshold. In such embodiments, glucose values may be determined or not, but in any event
are not communicated to a user if a temperature threshold is exceeded.
[0009] Embodiments include computer systems that analyze temperature data for its affects to a glucose sensor.
Certain embodiments include an in vivo glucose sensor, at least one temperature sensor, a sensor electronics unit that
receives glucose data from the in vivo analyte sensor, and a receiver unit that receives glucose data from the electronics
unit. A display may be included with the sensor electronics unit or receiver unit. At least one processor of the electronics
unit and/or the receiver unit includes instructions to process temperature data of the at least one temperature sensor
and in vivo analyte sensor data of the in vivo analyte sensor, and compare the temperature data to a predetermined
temperature threshold, and determine a temperature-compensated glucose value if the temperature data does not
exceed the predetermined threshold, and not determine a temperature-compensated glucose value if the temperature
data does exceed the predetermined threshold. The at least one processor may include instructions to not compensate
for temperature if the temperature data is within a predetermined range. In other words, it may cause glucose values to
be adjusted or not based on temperature data obtained at the same or substantially same time as the glucose data. In
display embodiments, the one or more processors may include instructions to cause the display to display or not to
display information responsive to obtained temperature data. At least one processor includes instructions to process
temperature data of the at least one temperature sensor and in vivo analyte sensor data of the in vivo glucose sensor
in include obtaining glucose data from an in vivo glucose sensor, and compare the temperature data to a predetermined
temperature threshold, and display on the display a temperature-compensated glucose value if the temperature data
does not exceed the predetermined threshold, and not display a temperature-compensated glucose value if the tem-
perature data does exceed the predetermined threshold. In such embodiments, the one or more processors may cause
glucose values to be determined or not, but in any event are not communicated to a user on a display device if a
temperature threshold is exceeded.
[0010] In some aspects of the present disclosure, methods of detecting and/or determining an analyte level by com-
pensating for ambient temperature using a temperature sensor (e.g., coupled to an in vivo analyte sensor) are provided.
The methods includes receiving a sensor signal (e.g., sensor information, such as current, voltage, etc.) derived from
an in vivo analyte sensor; detecting a temperature measurement from a temperature sensor; determining, with a proc-
essor, whether a temperature threshold requirement is exceeded based on the temperature measurement; and deter-
mining, with the processor, a temperature-compensated analyte sensor signal. When the threshold requirement is not
exceeded, the temperature-compensated analyte sensor signal is determined using the temperature measurement.
Only when the threshold requirement is exceeded, the temperature-compensated analyte sensor signal is determined
using an ambient-compensated temperature that is derived by compensating the temperature measurement for ambient
temperature.
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[0011] In some aspects of the present disclosure, analyte monitoring devices are provided that include a housing; a
processor coupled to the housing; and memory communicably coupled to the processor. An in vivo analyte sensor is
communicably coupled to the processor, and a temperature sensor is communicably coupled to the processor. The
memory includes instructions stored therein that, when executed by the processor, cause the processor to receive a
sensor signal from the in vivo analyte sensor; detecting a temperature measurement from the temperature sensor;
determine whether a threshold requirement is exceeded based on the temperature measurement; and determine a
temperature-compensated analyte sensor signal. When the threshold requirement is not exceeded, the temperature-
compensated analyte sensor signal is determined using the temperature measurement. Only when the threshold re-
quirement is exceeded, the temperature-compensated analyte sensor signal is determined using an ambient-compen-
sated temperature that is derived by compensating the temperature measurement for ambient temperature.
[0012] In some aspects of the present disclosure, methods of compensating for ambient temperature using a single
temperature sensor are provided that include detecting a temperature measurement from a temperature sensor; and
determining, with a processor, an ambient-compensated temperature from the temperature measurement using an offset
term.
[0013] In some aspects of the present disclosure, analyte monitoring devices are provided that include a housing; a
processor coupled to the housing; and memory communicably coupled to the processor. An in vivo analyte sensor is
communicably coupled to the processor, and a temperature sensor is communicably coupled to the processor. The
memory includes instructions stored therein that, when executed by the processor, cause the processor to detect a
temperature measurement from the temperature sensor; and determine an ambient-compensated temperature from the
temperature measurement using an offset term.
[0014] In some aspects of the present disclosure, methods of compensating for ambient temperature using temperature
sensors are provided that include sampling at a first sampling rate, with a processor, first temperature measurements
from a first temperature sensor on an on-body sensor; determining, with a processor, first ambient-compensated tem-
peratures from the first temperature measurements; and determining, with a processor, final ambient-compensated
temperatures by applying a correction gain or factor to the first ambient-compensated temperatures. The correction gain
or factor changes value at a slower rate than the sampling rate.
[0015] In some aspects of the present disclosure analyte monitoring device are provided that include a housing; a
processor coupled to the housing; and memory communicably coupled to the processor. An in vivo analyte sensor is
communicably coupled to the processor, and a first temperature sensor and second temperature sensor are communi-
cably coupled to the processor. The memory includes instructions stored therein that, when executed by the processor,
cause the processor to sample at a first sampling rate, with a processor, first temperatures measured from a first
temperature sensor on the housing; determine first ambient-compensated temperatures from the first temperature meas-
urements; and determine final ambient-compensated temperatures by applying a correction gain or factor to the first
ambient-compensated temperatures. The correction gain or factor changes value at a slower rate than the sampling rate.
[0016] In some aspects of the present disclosure, in vivo analyte sensors are provided that include a substrate layer;
an electrode layer disposed on the substrate layer, and a temperature sensing element disposed on the substrate layer.
The electrode layer includes a sensing area, and the temperature sensing element providing a signal for determining
temperature adjacent the sensing area.
[0017] In some aspects of the present disclosure, analyte monitoring devices are provided that include a housing;
electronic circuitry coupled to the housing, the electronic circuitry including a processor; and an in vivo analyte sensor
electrically coupled to the electronic circuitry and extending from the housing. The in vivo analyte sensor include a
substrate layer; an electrode layer disposed on the substrate layer; and a temperature sensing element disposed on the
substrate layer, the temperature sensing element providing a signal for determining temperature adjacent a sensing area.
[0018] In some aspects of the present disclosure, analyte sensor devices are provided that include a body including
an elongated member having a central tunnel that inserts into skin of a subject, electrodes disposed on the body, and
a temperature sensor coupled to the body. The body is adapted to couple to the skin of the subject
[0019] In some aspects of the present disclosure, methods are provided that include coupling an analyte sensor device
to a skin of a subject and inserting a temperature sensor within the skin of the subject. The temperature sensor is
disposed within the central tunnel. The sensor coupling device includes a body including an elongated member having
a central tunnel that inserts into the skin of a subject, and electrodes disposed on the body. The body is adapted to
couple to the skin of the subject.
[0020] In some aspects of the present disclosure, methods are provided that include receiving a first sensor signal
from a first electrode on an in vivo analyte sensor on an on-body sensor; receiving a second sensor signal from a second
electrode on the in vivo analyte sensor, and determining, with a processor, a compensated temperature at the two
working electrodes based on the difference between the temperature dependencies for the different sensing chemistries
on the two working electrodes. The first electrode and second electrode include different sensing chemistries with different
temperature dependencies.
[0021] In some aspects of the present disclosure, analyte monitoring devices are provided that include a housing; a
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processor coupled to the housing; and memory communicably coupled to the processor. An in vivo analyte sensor is
communicably coupled to the processor, and the in vivo analyte sensor includes two working electrodes. The memory
includes instructions stored therein that, when executed by the processor, cause the processor to detect a first sensor
signal from a first electrode on the in vivo analyte sensor; detect a second sensor signal from a second electrode on the
in vivo analyte sensor; and determine a compensated temperature at the two working electrodes based on the difference
between the temperature dependencies for the different sensing chemistries on the two working electrodes. The first
electrode and second electrode include different sensing chemistries with different temperature dependencies.

BRIEF DESCRIPTION OF DRAWINGS

[0022]

FIG. 1 shows a block diagram of an embodiment of an analyte monitoring system, according to certain embodiments;
FIG. 2 shows a block diagram of an embodiment of a data processing unit of the analyte monitoring system shown
in FIG. 1, according to certain embodiments;
FIG. 3 shows a block diagram of an embodiment of the primary receiver unit of the analyte monitoring system of
FIG. 1, according to certain embodiments;
FIG. 4 shows a schematic diagram of an embodiment of an analyte sensor, according to certain embodiments;
FIG. 5 illustrates a flowchart for a method of determining an analyte level by compensating for ambient temperature
using a single temperature sensor on an on-body sensor, according to certain embodiments;
FIG. 6 illustrates a flowchart for a method of compensating for ambient temperature using a single temperature
sensor on an on-body sensor, according to certain embodiments;
FIG. 7 illustrates a circuit diagram representation of an example two-thermistor model, according to certain embod-
iments;
FIG. 8 illustrates a circuit diagram representation of an example one-thermistor model, according to certain embod-
iments;
FIG. 9 illustrates method of compensating for ambient temperature using temperature sensors on an on-body sensor,
according to certain embodiments;
FIG. 10 illustrates an electrode arrangement for a typical three-terminal sensor, according to certain embodiments;
FIG. 11 illustrates an electrode arrangement for a three-terminal analyte sensor wherein one of the electrodes is
also an embedded RTD, according to certain embodiments;
FIG. 12 illustrates a partial circuit diagram for an example analog front-end circuit for a three-terminal analyte sensor
with one of the electrodes as an embedded RTD, according to certain embodiments;
FIG. 13 illustrates a front-side view of an analyte sensor having thermocouple temperature sensor, according to
certain embodiments;
FIG. 14 illustrates a back-side view of an analyte sensor having thermocouple temperature sensor, according to
certain embodiments;
FIG. 15 illustrates a system block diagram of an on-body sensor having a thermocouple temperature sensor, ac-
cording to certain embodiments;
FIG. 16 illustrates a cross-sectional view of an analyte sensor substrate having a thermocouple junction, according
to certain embodiments;
FIG. 17 illustrates an on-body sensor having a thermistor located in a thermally conductive structure such that it
protrudes from the bottom of the on-body sensor, according to certain embodiments; and
FIG. 18 illustrates a top view of multiple sensing elements disposed on a sensing surface, according to certain
embodiments.

DETAILED DESCRIPTION

[0023] Before the present disclosure is described in additional detail, it is to be understood that this disclosure is not
limited to particular embodiments described, as such may, of course, vary. It is also to be understood that the terminology
used herein is for the purpose of describing particular embodiments only, and is not intended to be limiting, since the
scope of the present disclosure will be limited only by the appended claims.
[0024] Where a range of values is provided, it is understood that each intervening value, to the tenth of the unit of the
lower limit unless the context clearly dictates otherwise, between the upper and lower limit of that range and any other
stated or intervening value in that stated range, is encompassed within the disclosure. The upper and lower limits of
these smaller ranges may independently be included in the smaller ranges is also encompassed within the disclosure,
subject to any specifically excluded limit in the stated range. Where the stated range includes one or both of the limits,
ranges excluding either or both of those included limits are also included in the disclosure.
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[0025] Unless defined otherwise, all technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this disclosure belongs. Although any methods and materials
similar or equivalent to those described herein can also be used in the practice or testing of the present disclosure, the
preferred methods and materials are now described. All publications mentioned herein are incorporated herein by ref-
erence to disclose and describe the methods and/or materials in connection with which the publications are cited.
[0026] It must be noted that as used herein and in the appended claims, the singular forms "a", "an", and "the" include
plural referents unless the context clearly dictates otherwise.
[0027] The publications discussed herein are provided solely for their disclosure prior to the filing date of the present
application. Nothing herein is to be construed as an admission that the present disclosure is not entitled to antedate
such publication by virtue of prior disclosure. Further, the dates of publication provided may be different from the actual
publication dates which may need to be independently confirmed.
[0028] As will be apparent to those of skill in the art upon reading this disclosure, each of the individual embodiments
described and illustrated herein has discrete components and features which may be readily separated from or combined
with the features of any of the other several embodiments without departing from the scope or spirit of the present
disclosure.
[0029] The figures shown herein are not necessarily drawn to scale, with some components and features being
exaggerated for clarity.
[0030] The analyte sensor may be configured so that at least a portion thereof is placed under the skin of the patient
to detect the analyte levels of the patient, and another portion of the analyte sensor - which may be above the skin- is
coupled to electronics within a housing that is positioned externally on the skin of the subject. The electronics may include
various components, such as communication element(s) for communication with a remote receiving unit. The analyte
monitoring device that is coupled to the subject’s body and includes the in vivo positioned analyte sensor, housing, and
electronics (e.g., data processing, storage, and/or communication components) is also referred to herein as an "on-body
unit", "OBU", "on-body sensor", "on body patch", or "patch".
[0031] Analyte sensors may have temperature dependencies and the sensor signals produced by the sensors may
then be affected by temperature changes. An error caused by temperature may lead to an associated error in analyte
measurements, such as glucose measurements.
[0032] It should be appreciated the subject matter of the disclosure is not limited to transcutaneous analyte sensor,
but is also applicable to in vivo analyte sensors in general.

TEMPERATURE COMPENSATION

[0033] As summarized above, aspects of the present disclosure relate to analyte monitoring systems, devices, and
methods thereof related to temperature compensation. It should be appreciated that while the devices and methods
may be described in terms of a subcutaneous sensor, other in vivo analyte sensors may also be applicable and the
subject matter not limited to specifically subcutaneous analyte sensors.
[0034] It should also be appreciated that the embodiments described herein are exemplary and should not be viewed
as limiting. For example, it should be appreciated that the methods described herein may be implemented in an on-body
unit, the receiver, or mixed between the on-body unit and the receiver. Thus, various combinations of the steps performed
on the on-body unit or receiver are contemplated. For example, an on-body unit may perform some steps such as
temperature measurement and transmit the measurement to a receiver, where a processor on the receiver performs
subsequent processing, such as determining ambient temperature compensation, determining temperature-compen-
sated analyte sensor signals, determining analyte levels, etc. Or, as another example, the on-body unit may perform
the steps of measuring the temperature, determining ambient temperature compensation, and determining temperature-
compensated analyte sensor signals. For instance, the on-body unit may transmit the results to a receiver wherein the
results are provided on a user interface.
[0035] It is noted that the combinations of steps between the on-body unit and receiver are appreciated for the one
temperature sensor and two temperature sensor embodiments. Thus, for example, steps in the two temperature sensor
embodiments may also be performed on the on-body unit or the receiver in other embodiments e.g., sampling of tem-
perature sensors, and/or correction factor or gain determination, determining ambient temperature compensation, de-
termining temperature-compensated analyte sensor signals, etc.
[0036] It is also appreciated that temperatures may be measured by a processor on the on-body unit and/or receiver.
For example, a processor may receive temperature data from a temperature sensor and calculate a temperature from
the temperature data. The temperature may be, for example, an analog or digital signal derived by the temperature
sensor. For example, in certain embodiments, a processor on the on-body unit may be coupled to the temperature
sensor and provide a temperature measurement to the receiver, wherein the receiver detects the temperature meas-
urement communicated and then performs additional processing steps based on the temperature measurement. It is
appreciated that in another embodiment, the temperature data from the temperature sensor is sent to the receiver and
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the processor on the receiver calculates the temperature from the temperature data. The processor may then use this
detected temperature for additional processing steps.

Compensating Sensor Signals

[0037] Temperature measurements are important for obtaining accurate analyte measurements (e.g., glucose meas-
urements) with on-body sensors that are part of in vivo analyte monitoring systems - e.g., continuous glucose monitor
(CGM) systems or intermittent or periodic glucose monitoring systems. The analyte-sensing chemistry on a subcutane-
ously positionable analyte sensor, or other in vivo analyte sensor, of the on-body sensor is temperature dependent and
the sensor signal produced by the in vivo analyte sensor is thus affected by temperature.
[0038] Subcutaneously inserted glucose sensors, for example, may measure glucose by correlating the sensor signal
output with glucose concentration. The signal response of analyte sensor may be linear across the operating range of
glucose concentrations. However, the slope of this response may vary as temperature around the analyte sensor tip
changes.
[0039] In order to compensate for this thermal effect, knowledge of temperature around the sensor sensing area is
needed. The term "sensing area" is used herein to mean the area of the analyte sensor where the sensing chemistries
are located. For example, in certain embodiments, the sensing area is disposed at the sensor tip, and thus the temperature
at the sensor tip is estimated.
[0040] Therefore, the effect of temperature may be taken into account in order to calculate an accurate value for
glucose concentration.
[0041] On-body sensors may utilize a temperature sensor disposed near the in vivo analyte sensor to estimate the
sensor temperature. This temperature measurement is used to compensate the analyte sensor signal for temperature
effects. For example, temperature-compensated analyte sensor signal may be determined by: 

where I is the raw sensor current, T is the measured temperature in degrees Celsius (C), and ITC is the temperature
compensated signal that is proportional to glucose concentration.
[0042] Ambient temperature impinging on the on-body housing may influence temperature measurements, and in
effect, create a temperature measurement error that will lead to a glucose calculation error. For example, in some
instances, experiments have shown that in an ambient temperature environment of 20 degrees C, the resulting glucose
error due to ambient temperature effects can be about 10%.
[0043] In some aspects of the present disclosure, on-body sensors employ a second temperature sensor used to
compensate for errors in the sensor temperature measurement due to the influence of ambient temperature on the first
temperature sensor. For example, one temperature sensor (T1) may be located close to the skin surface Tskin, and
another temperatures sensor (T2) located close to the transmitter (TX) processor or on the printed circuit board (PCB).
[0044] The temperature which compensates for ambient temperature influence using two temperature sensors is
determined by, for example:

where K is related to the thermal resistances between the first temperature sensor and the second temperature sensor,
and is a constant (e.g., 0.5, 0.2, or other constant) that may be derived empirically; T1 is the measured temperature at
the temperature sensor near the sensor; T2 is the measured ambient temperature from the second temperature sensor;
and T is the temperature which is compensated for ambient temperature influence. Other more complex models may
be contemplated; for instance, K may not be constant but rather a function of T1 and/or T2, for instance.

Ambient Temperature Compensation Using a Single Temperature Sensor

[0045] To estimate the temperature at the sensing area of the in vivo analyte sensor, ambient compensation may be
performed. According to the invention, ambient temperature compensation is provided using a single temperature sensor
on the on-body sensor. Thus, a second temperature is not required to compensate for ambient effects. Having a single
temperature instead of multiple temperature sensors may provide one or more benefits, such as a reduction in cost, a
reduction in complexity, etc.
[0046] FIG. 5 illustrates a flowchart for a method of determining an analyte level by compensating for ambient tem-
perature using a single temperature sensor (e.g., a temperatures sensor that approximates skin temperature) on an on-
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body sensor, according to the invention.
[0047] At block 601, a sensor signal is received from an in vivo analyte sensor that is transcutaneously positioned
with the skin of a subject. For example, the on-body sensor may include a processor that is electrically coupled to the
analyte sensor and receives the sensor signal.
[0048] At block 605, the processor receives a temperature signal from a temperature sensor coupled to the on-body
sensor. The temperature sensor may be, for example, positioned at or near a skin contacting surface to represent skin
temperature. Since skin temperature may be affected by ambient temperature, a change in skin temperature may be
correlated to a change in ambient temperature. When the ambient temperature is low, skin temperature will decrease,
and when the ambient temperature is high, skin temperature will increase. Thus, deviations from "normal" skin temper-
ature may be used to represent how strong the ambient temperature effects are.
[0049] At block 610, the processor determines if the measured temperature has reached a predetermined threshold
value. For instance, a normal temperature or normal temperature range may be established and any deviation past the
established threshold or thresholds (e.g., outside the normal temperature range) will trigger the ambient temperature
correction. It should be appreciated that the term "predetermined threshold" is used broadly herein, and may include an
upper and lower threshold. For example, an upper threshold and lower threshold may be implemented in some instances
to establish a range. In some instances, only an upper or lower threshold may be implemented.
[0050] If the skin temperature does not deviate beyond the threshold, then it can be assumed that the ambient tem-
perature effects are minimal, and no ambient temperature compensation is required, as represented by block 615. The
temperature measurement may then be used to determine the temperature compensated analyte sensor signal, ITC, as
represented by block 625, and transmitted or displayed as a corresponding analyte (e.g., glucose) level, as represented
by block 630.
[0051] If the skin temperature deviates beyond the predetermined threshold, then it can be assumed that the ambient
temperature effects are significant, and ambient temperature compensation is performed (e.g., a correction factor applied)
to compensate for the effects of ambient temperature, as represented by block 620. The resulting ambient-compensated
temperature is then used to determine the temperature-compensated analyte sensor signal, ITC, as represented by block
625, for a more accurate analyte (e.g., glucose) level determination that is transmitted or displayed, as represented by
block 630.
[0052] For example, skin temperature for most people may normally range between 30 and 35 °C in ambient temper-
ature environments that people are comfortable in. In certain embodiments, ambient temperature compensation is
applied when "extreme" skin temperatures are detected (e.g., when the skin temperatures deviate beyond the prede-
termined threshold or thresholds). For instance, when the skin temperature measurement from the temperature sensor
drops below 30 degrees C, then a correction factor can be added to the temperature measurement.
[0053] It should be appreciated that the predetermined threshold or thresholds (e.g., the "normal" range) may vary,
and further, that the actual compensation algorithm (e.g., correction factor) implemented may also vary. As an example,
ambient temperature compensation may be provided by the correction factor: 

AND 

[0054] As another example, the ambient temperature compensation may be provided by a slightly more complex
correction factor, such as: 

AND 

[0055] Tcorrected is then used to determine the temperature-compensated analyte sensor signal. In this way, the tem-
perature-compensated analyte sensor signal accounts for ambient temperature influence. It should be appreciated that
correction factors of varying complexities may be implemented in other embodiments.



EP 2 720 612 B1

9

5

10

15

20

25

30

35

40

45

50

55

[0056] It should be appreciated that illness may also affect the skin temperature of a subject e.g., to make the skin
temperature elevate outside the normal range. In certain embodiments, the ambient temperature compensation is applied
only if the temperature error causes a high reading. In this way, only low temperature measurements are compensated..
[0057] According to the invention, changes in skin temperature are used to detect and correct for ambient temperature
influences. For example, an ambient correction factor may be applied after a change in skin temperature is detected. It
should be appreciated that the magnitude of the change may vary in different implementations as desired. For example,
in some instances, a "normal" temperature could be detected at the start of a sensor wear, and when the temperature
deviates by some predetermined amount (or, for example, by an amount detected by monitoring the changes during a
period at the start of a sensor wear), then the ambient temperature compensation can be performed, such as described
above.
[0058] According to the invention, temperature changes above a certain absolute value over a predetermined period
of time initiates the ambient temperature compensation. For instance, 

[0059] In certain embodiments, the ambient temperature compensation is based on the rate of change of skin tem-
perature. According to the invention, a combination of absolute temperature checks and temperature rate of change is
used in both the detection and correction.
[0060] It should be appreciated that the embodiment shown in FIG. 5 is exemplary, and that one or more steps may
be performed by a processor on the on-body unit and/or a receiver in communication with the on-body unit in other
embodiments. For example, in certain embodiments, the temperature sensor is coupled to the on-body unit and a
processor on the on-body unit is detecting the temperature measurement, determining whether the threshold requirement
is met, performing the ambient temperature compensation, and determining the temperature-compensated signal. Then,
for example, the temperature-compensated signal is sent to a receiver wherein the temperature-compensated analyte
level is displayed on a user-interface of the receiver for instance. In another embodiment, for example, the temperature
sensor is coupled to the on-body unit and a processor on the on-body unit transmits the temperature measurements to
the receiver where a processor coupled to the receiver determines whether the threshold requirement is met, performs
the ambient temperature compensation, and determines the temperature-compensated signal. Then, for example, the
temperature-compensated analyte level is displayed on a user-interface of the receiver for instance. It should be appre-
ciated that the steps may be split up in other combinations between the on-body unit and the receiver.
[0061] It should be appreciated that, in certain embodiments, the ambient temperature compensation may, for the
most, always or continuously be performed on the received analyte sensor signal. For example, the processor may
continuously perform the ambient temperature compensation on the analyte sensor signal in addition to determining if
the threshold temperature has been exceeded. When the temperature measurement does not exceed the temperature
threshold, the temperature-compensated analyte sensor signal is based off the uncompensated signal, resulting in
uncompensated analyte levels. When the temperature measurement exceeds the temperature threshold, the tempera-
ture-compensated analyte sensor signal is based off the ambient-compensated signal, resulting in ambient-compensated
analyte levels. Thus, the temperature-compensated analyte sensor signal results in a mixed signal of the uncompensated
analyte levels and ambient-compensated analyte levels. The temperature-compensated analyte sensor signal may be
transmitted (e.g., communicated to a receiver) or presented on a user interface (e.g., displayed on a display for the user).
[0062] In other embodiments, the ambient-temperature compensation is not always or continuously performed on the
received analyte sensor signal, but rather, only when the temperature threshold is exceeded. When the temperature
measurement does not exceed the temperature threshold, the temperature-compensated analyte sensor signal is based
off the uncompensated signal, resulting in uncompensated analyte levels presented on a user interface (e.g., displayed
on a display). When the temperature measurement exceeds the temperature threshold, ambient-compensation is per-
formed and the temperature-compensated analyte sensor signal is based off the ambient-compensated signal, resulting
in ambient-compensated analyte levels presented on the user interface. Again, the temperature-compensated analyte
sensor signal results in a mixed signal of the uncompensated analyte levels and ambient-compensated analyte levels.
[0063] It is also appreciated that in certain embodiments, the ambient compensation may be based off predetermined
temperature ranges rather than predetermined thresholds. For example, the uncompensated analyte sensor signal may
be used when the temperature measurement falls within a predetermined range or ranges, and the ambient compensated
signal is used when the temperature measurement falls within another predetermined range or ranges.
[0064] It should be appreciated that in certain embodiments the temperature compensation may be applied to an
analyte sensor signal that is not yet calibrated or converted (e.g., scaled by a scaling factor) to a corresponding analyte
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level, and thereafter converted to the corresponding analyte level. In yet other embodiments, the temperature compen-
sation is applied to an analyte sensor signal that already represents the analyte level (e.g., is already calibrated or
converted to the corresponding analyte level), and the temperature-compensated analyte sensor signal is the temperature
compensated analyte level.

Ambient Temperature Compensation Based on Core Body Temperature

[0065] As previously noted, some on-body units may include a correction algorithm that utilizes two temperatures
sensors to compensate for ambient temperature influence on the temperature sensor. For example, one temperature
sensor is located close to the skin in a can that protrudes from the bottom of the transmitter. The other temperature
sensor is located on the printed circuit board (PCB) in the transmitter and is a feature provided by the controller chip.
Again, the correction method employed is: 

[0066] This method can be considered an "extrapolation" method, since two temperature measurements are made at
points where the temperature for each is lower than the sensing area temperature, and the sensing area temperature
is estimated by extrapolating from these two measured temperatures. In this transmitter configuration, the two temperature
sensors are generally well separated, which results in a stable K value that is robust over different transmitter locations
on the body and for different body types. As transmitter designs become physically smaller, however, it becomes more
difficult to separate the two temperature sensors thermally. Without adequate thermal separation, the K value becomes
significantly less stable, and furthermore, becomes significantly larger, with the effect of amplifying the noise in the
temperature measurement.
[0067] Utilizing a single temperature sensor instead of two may provide many advantages, such as cost savings. In
some aspects of the present disclosure, ambient temperature compensation is based on a predetermined core body
temperature and temperature measurements from a single temperature sensor.
[0068] FIG. 6 illustrates a flowchart for a method of compensating for ambient temperature using a single temperature
sensor on an on-body unit, according to certain embodiments.
[0069] At block 701, a sensor signal is received from an analyte sensor that is transcutaneously positioned within the
skin of a subject, or otherwise implanted in vivo. For example, the on-body unit may include a processor that is electrically
coupled to the analyte sensor and receives the analyte sensor signal.
[0070] At block 705, the processor receives temperature data from a temperature sensor coupled to the on-body unit.
For example, in certain embodiments, the temperature sensor may be positioned at or near a skin contacting surface
to represent skin temperature.
[0071] At block 710, the processor determines an ambient-compensated temperature from the measured temperature
using an offset term (e.g., an offset term based on a predetermined core body temperature). For example, a correction
factor is applied to the measured temperature to correct for ambient temperature effects. The correction factor may have
an offset term that is based on a predetermined core body temperature value e.g., 37 °C since a user’s core body
temperature is relatively stable at approximately 37 °C. For example, ambient temperature compensation may be provided
by the following correction factor: 

where Bcorebody is a predetermined core body temperature (e.g., approximately 37 degrees C); K is a constant that may
be empirically derived; and T1 is the measured temperature by the temperature sensor; and Test is the estimated sensing
area temperature that is compensated for ambient temperature influence.
[0072] The resulting sensing area (e.g., sensor tip) temperature estimate is compensated for ambient effects and may
then be used to determine the temperature-compensated analyte sensor signal, ITC, as represented by block 715, for
a more accurate glucose level determination that is transmitted or displayed, as represented by block 720.
[0073] The sensing area temperature estimate is an "interpolation" method since the sensing area temperature estimate
is in between the core body temperature and the temperature measured at the transmitter. Measurement noise is not
amplified using the interpolation method.
[0074] As similarly stated above, it should be appreciated that the embodiment shown in FIG. 6 is exemplary, and that
one or more steps may be performed by a processor on the on-body unit and/or a receiver in communication with the
on-body unit in other embodiments. For example, in certain embodiments, the temperature sensor is coupled to the on-
body unit and a processor on the on-body unit detects the temperature measurement, determines an ambient-compen-
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sated temperature from the measured temperature using an offset term, and determines the temperature-compensated
signal. Then, for example, the temperature-compensated signal is sent to a receiver wherein the temperature-compen-
sated analyte level is displayed on a user-interface of the receiver for instance. In another embodiment, for example,
the temperature sensor is coupled to the on-body unit and a processor on the on-body unit transmits the temperature
measurements to the receiver where a processor coupled to the receiver determines an ambient-compensated temper-
ature from the measured temperature using an offset term, and determines the temperature-compensated signal. Then,
for example, the temperature-compensated analyte level is displayed on a user-interface of the receiver for instance. It
should be appreciated that the steps may be split up in other combinations between the on-body unit and the receiver.

Using One-Temperature Sensor Models and Two-Temperature Sensor Models

[0075] Subcutaneously inserted glucose sensors measure glucose by correlating the sensor signal output with glucose
concentration. As stated above, this signal output is affected by temperature. As stated above, in some instances,
temperature is estimated using two temperature sensors.
[0076] For example, in certain embodiments, one thermistor is disposed close to the skin surface to provide a skin
temperature measurement, Tskin. Another thermistor is disposed away from the skin surface to provide a temperature
measurement, Tcpu, that may be near the on-body processor that is has more influence from the ambient temperature
and less influence from the sensor tip temperature than Tskin.
[0077] FIG. 7 illustrates a circuit diagram representation of an example two-thermistor model, according to certain
embodiments. It should be appreciated that in other embodiments a different type of temperature sensor may be imple-
mented.
[0078] As shown, temperature 805 is ambient air temperature; temperature Tcpu 810 is the temperature at the circuitry
(e.g., processor); temperature Tskin 815 is the temperature at the skin surface; and temperature Ttip 820 is estimated
temperature at the sensing area (e.g., at the sensor tip). Resistance Rx 825 represents thermal resistance between the
ambient air and circuitry; Rcpu-skin 830 represents thermal resistance between the circuitry and the skin; and Rskin-tip 835
represents thermal resistance between the skin and sensing area.
[0079] K = Rskin-tip / Rcpu-skin is a fixed constant, which acts as a scaling factor to extrapolate the difference Ttip - Tskin
as a function of the difference Tskin - Tcpu. 

[0080] This relationship is used to calculate the temperature at the sensing area, Ttip: 

[0081] In some aspects, the two-thermistor model has relative insensitivity to changes in ambient temperature, core
body temperature, and site-to-site thermal impedance variability. The two-sensor model may also possess minute-to-
minute variability in the temperature sensor (e.g., thermistor) readings Tcpu and Tskin that can degrade the smoothness
of the temperature corrected glucose signal. This is especially a concern when plasma-to-interstitial glucose lag com-
pensation is required.
[0082] In certain embodiments, the one-sensor model described above assumes that the core body temperature is
the dominant heat source, and that the thermal resistance between the core body and the sensing element is universally
constant.
[0083] FIG. 8 illustrates a circuit diagram representation of an example one-thermistor model, according to certain
embodiments. As shown, temperature Ttherm 905 is the temperature at the thermistor; sensing area temperature (e.g.,
sensor tip temperature) Ttip 910 is the estimated temperature at the sensing area, and body core temperature Tcore 915
is the predetermined body core temperature. Rtherm-tip 925 represents thermal resistance between the thermistor and
the sensing area. Rtip-core 930 represents thermal resistance between the sensing area and the core body.
[0084] Where K1TM = Rtip-core / Rtherm-tip, such that Ttip can be calculated as follows: 

where K1TM is an empirically derived constant for the one-thermistor model.
[0085] Since the model does not extrapolate between two measurement channels, improved minute-to-minute smooth-
ness occurs. Experimental data suggests that while the one-thermistor model has a very consistent minute-to-minute
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estimate, the site-to-site variability results in a poorer overall Ttip estimate compared to the two-thermistor model. Rtip-core
in the one-thermistor model assumes knowledge of a constant thermal resistance between the body’s core temperature
and the sensing area (e.g., sensor tip). The value of this resistance might vary between the arm and abdomen sites
because of different proximities to the body core.
[0086] The minute-to-minute variability that is caused by the extrapolation operation of the two-thermistor model
measurements directly affects the minute-to-minute variability of the glucose measurement. In addition, it limits the extent
of plasma-to-interstitial glucose lag correction possible.
[0087] In some aspects of the present disclosure, a correction gain is determined based on temperature estimates
calculated using the one-thermistor model and the two-thermistor model. For instance, two thermistors are disposed on
the on-body sensor, such as described above for the two-thermistor model. Temperature estimates are calculated using
the one-thermistor model technique, resulting in sensor temperature estimate T1TM. Temperature estimates are also
calculated using the two-thermistor model, resulting in sensor temperature estimate T2TM.
[0088] In certain embodiments, present to recent past comparisons of the two temperature estimates T1TM and T2TM
are used to improve the accuracy of the sensor temperature measured T1TM and utilize this recursively modified estimate
of the sensor temperature. The result is a sensor temperature estimate that has the minute-to-minute smoothness (which
is related to precision) of the one-thermistor model, yet has the site-to-site variability (which is related to accuracy) of
the two-thermistor model. This approach allows for a smoother temperature corrected raw glucose signal, which helps
improve the signal quality of the final product, reduce the uncertainty of threshold and projected alarms due to unnecessary
noise, reduce the uncertainty of rate arrows, reduce the impact of non-physiological temperature transients, and allow
for better concordance to reference blood glucose.
[0089] FIG. 9 illustrates method of compensating for ambient temperature using temperature sensors on an on-body
unit, according to certain embodiments.
[0090] At block 1005, a sensor signal is received from an analyte sensor that is transcutaneously positioned within
the skin of a subject, or otherwise implanted in vivo. For example, the on-body unit may include two temperature sensors
(e.g., two thermistors) and a processor that is electrically coupled to the analyte sensor and receives the sensor signal.
[0091] At block 1010, first and second thermistors on the on-body unit are sampled by the processor. At block 1015,
the processor determines ambient-compensated temperatures based on a one temperature model. At block 1020, the
processor determines ambient-compensated temperatures based on a two temperature model.
[0092] At block 1025, correction gain or factor is determined based on past sampled ambient-compensated temper-
atures for the one-thermistor and two-thermistor models. At block 1030, a final ambient-compensated temperature is
determined by applying the correction gain or factor to the ambient-compensated temperatures determined in block 1015.
[0093] For example, in certain embodiment, a simple gain error model is assumed on the one thermistor model. In
other words: 

where T1TMnominal is the nominal output based on the one-thermistor model as previously described, K1TM is the correction
gain for this model, and T1TM is the final ambient-compensated temperature resulting from using the improved one-
thermistor model.
[0094] "k" refers to the index of the sample instance/time. Note that the value T1TMnominal is computed during every
sample instance and attempts to reflect the latest temperature, which may or may not be rapidly varying over time.
However, K1TM is computed such that the value changes very slowly over time, with the assumption that the biological
and environmental factors that affect this gain error changes very slowly over time. K1TM changes at a rate slower than
the sampling rate. In certain embodiments, this is achieved by performing a moving average between the nominal one-
thermistor model and two-thermistor model outputs:

where T2TM is the output of the two-thermistor model, and N is a relatively large positive window such that K1TM varies
very slowly and reliably over time. The values of T1TMnominal and T2TM pairs are such that both values are valid and/or
can be computed at any time index within the set of N most recent pairs.
[0095] In an alternative embodiment, the same assumptions are made as the previous embodiment, but the evolution
of K1TM is governed by a calculation that is more robust to occasional T1TM nominal and T2TM outliers. As in the previous
embodiment, the values of T1TMnominal and T2TM pairs must be such that both values are valid and/or can be computed
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at any time index within the set of N most recent pairs. 

[0096] In yet another embodiment, parameter adaption is used. One example is to use the MIT adaption rule: 

[0097] Where γ is an adaption scaling factor that governs the aggressiveness level of the adaptation, and needs to
be tuned a priori. Taking a backwards difference approximation to discretize the above equation, the following difference
equation that governs the time evolution of K1TM is obtained: 

where δ is the sample time of the calculation. To avoid the need to solve for the root of a quadratic equation, a time
delayed approximate can be used:

[0098] The three embodiments described above are based on the assumption that the main source of inaccuracy of
the one-thermistor model is predominately a gain error. If an offset error is assumed, the same concepts described in
the embodiments above can be implemented with a slight modification. For example, one would assume: 

where the offset difference D1TM can be corrected by the following windowed comparison between the nominal one-
thermistor model and two-thermistor model approaches. 

[0099] The final ambient-compensated temperature may then be used, for example, to determine a temperature-
compensated signal, as represented by block 1035. The corresponding analyte (e.g., glucose) level may then be trans-
mitted or displayed, as represented by block 1040.
[0100] In addition, given that two thermistors are available, the above embodiments can be implemented on both
thermistors such that instead of using a single modified one-thermistor model, an average of two modified one-thermsitor
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model outputs is used.
[0101] Again, as similarly stated above, it should be appreciated that the embodiment shown in FIG. 9 is exemplary,
and that one or more steps may be performed by a processor on the on-body unit and/or a receiver in communication
with the on-body unit in other embodiments. For example, in certain embodiments, the temperature sensors are coupled
to the on-body unit and a processor on the on-body unit samples the temperatures sensors, determines the ambient-
compensated temperature from the one-temperature sensor model and two-temperature sensor model, determines the
correction factor or gain, determines the final ambient-compensated temperatures. The processor on the on-body unit
may then either determine the temperature-compensated signal, or transmit the final ambient-compensated signal to a
receiver having a processor that determines the temperature compensated signal and presents the corresponding
analyte level on a user interface. It should be appreciated that these embodiments are exemplary, and that the steps
may be split up in other combinations between the on-body unit and the receiver. For example, in other embodiments,
one or more of the steps in determining the ambient-compensated signal and/or final ambient compensated signal may
be performed by the receiver.
[0102] Provided below is an example analysis. It should be appreciated that the example analysis is exemplary and
is not meant to be limiting.

Example Analysis:

[0103] Using the temperature sensor close to the skin, the equation for sensor (skin) temperature becomes: 

wherein Tc is the body core temperature 37 degrees C and is treated as a constant.
[0104] Using the temperature sensor on the PCB, the equation for sensor (skin) temperature becomes: 

[0105] If the core temperature is 37 degrees C, these two equations will correct for the ambient effect. Further, the
intrinsic measurement error in T1 or T2 is not amplified (like with the two temperature sensors implementation), but
rather attenuated a bit.
[0106] Moreover, if the core body temperature does deviate from 37 degrees C, the resulting error is not significant,
and further does not depend on the ambient temperature. For example, the following data was found:
[0107] For the temperature sensor close to the skin (T1): The resulting error, Terr, is 0.25 degrees C per degree
deviation from 37 degrees C.

[0108] For the temperature on the PCB (T2), the resulting error is only modestly worse; Terr, is 0.5 degrees C per
degree deviation from 37 degrees C.

Tc Terr Glucose Error (assume F = 105 rather than 1.07)

36 0.25 -1.2%

37 0 0%

38 -0.25 1.2%

39 -0.5 2.5%

40 -0.75 3.7%

Tc Terr Glucose Error (assume F = 105 rather than 1.07)

36 0.54 -2.6%

37 0 0%

38 -0.54 2.6%
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Temperature Sensors Disposed Adjacent the Sensing Area

[0109] In some aspects of the present disclosure, an on-body sensor is provided with a temperature sensor disposed
on the analyte sensor adjacent to the sensing area (e.g., at sensor tip on the sensor tail). In such case, extrapolation is
not required to determine the temperature value at the sensing area. This may provide one or more benefits, such as
less data required to be transmitted to the controller, promoting shorter RF packets and longer battery life, reducing
complexity of system software, etc.
[0110] In some aspects of the present disclosure, embedded temperature sensors are provided. The term "embedded
temperature sensor" is used herein to mean a temperature sensor that is disposed on an analyte sensor such that it is
exposed to body fluids (e.g., interstitial fluids) when the analyte sensor is positioned in vivo.
[0111] An embedded temperature sensor enables the temperature of the interstitial fluid itself to be measured. In this
way, the temperature at the location of the sensor chemistry of in vivo analyte sensors may be measured. Since the
sensing chemistry is within interstitial fluid, a measurement of the interstitial fluid temperature provides a very accurate
temperature measurement for the sensing area.
[0112] In certain aspects of the present disclosure, the embedded temperature sensors are resistive temperature
detection (RTD) devices. RTDs are devices which increase in electrical resistance with increasing temperature. Tem-
perature may be measured, for example, by driving a reference current through the device and measuring the voltage
across the device. Platinum provides high accuracy, linearity, and stability when used as an RTD. It should be appreciated
that other materials (e.g., metals or metal-alloys, etc.) may be used as an RTD.
[0113] As a non-limiting example, a platinum RTD may have a nominal resistance at 0 degrees C and a temperature
coefficient of 0.00385 Q/Q/degrees C. The nominal 0 degrees C resistance may range from 100Q to 500Q, for example,
depending on construction. The absolute resistance of the RTD at any given temperature T determined as follows: 

where RTD(T) is equal to the absolute RTD resistance in Ohms; RTD0 is equal to the resistance of the RTD at 0 degrees
C in Ohms; and T is equal to the temperature in degrees C. And further, the linearity of the platinum RTD may, for
example, be less than +/- 0.5% from 0-100 degrees C.
[0114] In certain embodiments, platinum is used as a sensor conductive base material to form an electrode that is
also an embedded RTD. The platinum RTD trace may be made by any variety of manufacturing processes. For example,
laser ablation may be used to create the electrodes and accommodate very fine feature sizes, as well as allow for a
long platinum RTD trace to increase its resistance.
[0115] FIG. 10 illustrates an electrode arrangement for a typical three-terminal sensor, according to certain embodi-
ments. The subcutaneous tail of a three-terminal analyte sensor is shown including a working electrode 1101, reference
electrode 1102, and counter electrode 1103. Each of the three electrodes 1101, 1102, 1103 has a single electrical trace
1121, 1122, 1123, respectively, that extends from the along the sensor tail towards the electronics in the on-body sensor.
The electrical traces provide the electrical communication path between the corresponding electrodes and electronics
in the on-body sensor.
[0116] FIG. 11 illustrates an electrode arrangement for a three-terminal analyte sensor wherein one of the electrodes
is also an embedded RTD, according to certain embodiments. The subcutaneous tail of the three-terminal analyte sensor
is shown including a working electrode 1201 and reference electrode 1202, as well as a counter electrode 1203 that is
also an embedded RTD. When the sensor is positioned in vivo into the skin of the subject, the embedded RTD and
electrode 1203 is embedded in the subject and exposed to interstitial fluid.
[0117] The embedded RTD and electrode 1203 includes an electrical trace having two ends 1223a, 1223b such that
current can be applied to the RTD and voltage measured across the two ends 1223a, 1223b. In the embodiment shown,
the embedded RTD and electrode 1203 is a single electrical trace 1223 that extends back and forth longitudinally to
increase the distance of the electrical trace. A long trace increases resistance and facilitates a better measurement. In
certain embodiments, a long platinum RTD trace is used to increase its resistance and facilitate a better measurement.

(continued)

Tc Terr Glucose Error (assume F = 105 rather than 1.07)

39 -1.08
5.

5.4%

40 -1.62 8.2%
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[0118] FIG. 12 illustrates a partial circuit diagram for an example analog front-end circuit for a three-terminal analyte
sensor with one of the electrodes as an embedded RTD, according to certain embodiments. As shown, analog front-
end 1300 includes a working electrode contact point 1301 (e.g., to electrically couple to working electrode 1201 in FIG.
11) and a reference electrode contact point 1302 (e.g., to electrically couple to reference electrode 1202 in FIG. 11).
Analog front-end 1300 also includes contact points 1303a, 1303b. Contact point 1303a electrically couples to the counter
electrode of the analyte sensor and also serves as one end of the embedded RTD (e.g., end 1203a in FIG. 11). Contact
point 1303b serves as a contact point that electrically couples to the other end of the embedded RTD (e.g., end 1203b
in FIG. 11).
[0119] Analog front-end also includes amplifiers A1, A2 that are electrically coupled to the working and reference
electrodes to provide the condition analyte signal 1331 for sampling by an A/D converter (not shown). Contact point
1303a is electrically coupled to the inverting input of amplifier A3. Contact point 1303b is electrically coupled to the non-
inverting input of differential amplifier A3 along with the output 1332 of amplifier A2. Amplifier A3 measures the voltage
across the RTD which is created by the flow of current provided through the RTD, as indicated by reference current, I1.
The output 1333 of amplifier A3 provides the temperature signal to the A/D converter for the temperature sample.
[0120] It should be appreciated that other circuit elements may also be implemented to the analog front-end 1300 e.g.,
to improve performance, such as a reference resistor for the reference current to flow through, which could eliminate
temperature and other errors in the A/D converter.
[0121] It should also be appreciated that in other embodiments, the embedded RTD could be implemented as one of
the other electrodes e.g., the reference electrode or working electrode. Furthermore, it should also be appreciated that
an embedded RTD may be implemented in an analyte sensor with a different number of electrodes than three e.g., a
two-electrode sensor. For example, a two-electrode sensor may have a working electrode as well as a reference electrode
that is also an embedded RTD.
[0122] It should be appreciated that the shape of the embedded RTD and electrode may vary in other embodiments.
For example, in other embodiments, the embedded RTD and electrode may extend back and forth longitudinally a
number of times that is different than shown in FIG. 11. Or alternatively, for example, the embedded RTD and electrode
may extend back and forth latitudinally, or both latitudinally and longitudinally. It should be appreciated that in other
embodiments, any variety of patterns and designs may be used for the shape of the embedded RTD and electrode, as
long as the counter electrode has sufficient surface area exposed to the interstitial fluid. Moreover, the position of the
two ends of the embedded RTD and electrode may also vary in different embodiments.

Temperature Sensors and Analyte Sensor Devices Having Elongated Members with Central Tunnels

[0123] In some aspects of the present disclosure, analyte sensor devices are provided that include a body having an
elongated member (e.g., a hollow tube) with a central tunnel therein. Electrodes are disposed on the outside of the body
and a temperature sensor coupled to the body. In certain embodiments, the central tunnel houses a temperature sensor.
In this way, the temperature sensor provides a direct temperature measurement at the analyte sensor tip.
[0124] For example, in certain embodiments, a needle is disposed within the central tunnel during insertion. In certain
embodiments, the sharp is withdrawn and a temperature sensor is inserted into the central tunnel of the hollow tube.
The inserted temperature sensor may then provide temperature measurements at the analyte sensor tip.
[0125] In certain embodiments, the temperature sensor is adapted to pierce the skin and serve as the needle. For
example, the temperature sensor may be formed as the needle, formed as part of the sharp, or coupled to a needle. In
some instances, the temperature sensor is adapted to pierce the skin of the subject and is softened by exposure to body
fluids e.g., made from or include a material that softens when exposed to body fluids. In this way, the sharp softens
when inserted into the subject and does not become an irritant.
[0126] In certain embodiments, the on-body housing of the analyte sensor device is adapted to couple to an insulin
delivery tube and insulin pump. For example, the analyte sensor device may serve as an insulin delivery cannula. In
such case, the analyte sensor device functions as an analyte monitoring system and integrated insulin delivery cannula.
[0127] In certain embodiments two conductors, such as wires or conductive plastic, are extruded in the walls of the
insulin delivery cannula. One of the wires acts as a reference electrode for the analyte (e.g., glucose) sensing function.
For example, in some instances, the one wire may be made from silver or other suitable conductor with or without a
coating, and the second wire made from either gold or other highly conducting material. Both wires are fully embedded
into the walls of the cannula (e.g., a soft cannula) and would extend near the tip of the cannula. At or near the tip of the
cannula, each of the two wires terminates at a feature that allows the wires to electrochemically communicate with tissue
and body fluids in conjunction with appropriate chemical or biological materials. For instance, the silver wire could be
plated or chemically chloridized with silver chloride to form an Ag/AgCl reference electrode or auxiliary electrode in a
two electrode system. The other wire may be, for example, coated or deposited with glucose sensing chemistry to form
a working electrode. In some instances, either or both electrodes may be covered by a thin layer of membrane to restrict
the glucose flux as well as to protect the electrode components. Further, in some instances, a section of the cannula
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may be laser ablated or chemically etched to increase the surface area of the active working or reference electrode.
[0128] In certain embodiments, a thermocouple is extruded into the insulin delivery cannula. For example, the ther-
mocouple may be co-extruded into an insulin delivery cannula such as described above. The thermocouple may be co-
extruded with the other materials in order to provide temperature sensing at the location of interest at the implanted site
e.g., close to the sensing chemistry.
[0129] In certain embodiments, the dual function soft cannula may be attached to a housing and adhesive patch to
facilitate retention on the skin. The housing may include the additional components needed for continuous glucose
sensing e.g., a thermistor or thermocouple for skin temperature measurement and a counter electrode to return electrons
to the body to form a closed sensor circuit. The wires of these two components may be molded inside the plastic cannula
housing, for example. These wires along with the two electrode wires may be exposed at the distal end of the cannula
and arranged around a keyed fluid and electrical connecting point. The connection point allows all wires to be connected
to their counterparts embedded inside a connector on a multi conducting insulin delivery tube, for instance, when the
cannula is connected to the tube.
[0130] In certain embodiments, the wires for the thermistor or thermocouple for skin temperature measurements and
a wire to act as a counter electrode is extruded or embedded into the cannula, creating a multi-function structure.
[0131] The wires embedded inside the wall of the insulin delivery tubing enable a dual function device that delivers
insulin and provides continuous glucose monitoring support functionality such as sensor signal transduction, calibration
and user interface. The integrated system described above may be attached to or worn on the body.
[0132] In certain embodiments, the integrated system may include an insulin delivery pump, the CGM system, the
data collection and processing hardware, and the user interface including control buttons and display. In some instances,
the system may also have a discrete glucose meter embedded in it so that the user can check the blood glucose with
the system using test strips.
[0133] In certain embodiments, the hardware of the insulin delivery pump and the continuous glucose monitor are
combined into a more compact assembly and attached to the body using an adhesive patch. Other components (data
processing algorithms, user interface, and/or discrete glucose meter, etc.) may, for example, be integrated into a separate
controller that communicates with the assembly wirelessly. This embodiment may significantly improve usability of the
system.

Thermocouples

[0134] In some aspects of the present disclosure, ambient temperature compensation is provided using a thermocouple
temperature sensor. The thermocouple temperature sensors are included of dissimilar metals e.g., metal-inks. Example
metals may include, but are not limited to, gold, silver, carbon, titanium, and alloys thereof.
[0135] The physical properties of the dissimilar metals create a thermocouple temperature sensor at the junction of
the dissimilar metals. A small voltage that is dependent on temperature will exist between the dissimilar metals. The
voltage produced by a thermocouple is known and predictable based on the properties of the two dissimilar metals.
Measurement of this voltage results in data that can be used to accurately determine the temperature of the analyte
sensor (e.g., glucose sensor). For example, measurement of this small signal can be performed by the electronics
located in the on-body unit e.g., in the transmitter of the on-body unit.
[0136] For example, in certain embodiments, calibration can be done by applying two different voltages to a meas-
urement circuit and computing the zero point and scale of the measurement circuit. This method may in some instances,
include one or more benefits e.g., cost, accuracy, and speed. For example, thermocouple sensors can be manufactured
very inexpensively and may be conducive to high volume processing.
[0137] In certain embodiments, the thermocouple is created by depositing two different metals onto the analyte sensor
tail and joining them at a junction located close to the actual sensing area. For example, the metals may be deposited
onto the analyte sensor substrate by any variety of methods, such as, but not limited to, sputtering, electroplating, or
using a metallic ink. In some instances, the thermocouple may be constructed using metal wire.
[0138] The two traces of different metals are electrically conducted ("bonded") to form the junction. Having the junction
adjacent to the actual sensor active area provides a temperature measurement close to the sensing area, resulting in
an accurate measurement.
[0139] In certain embodiments, the thermocouple is formed on the same side of the analyte sensor as the sensing
area (e.g., glucose sensing area). In other embodiments, the thermocouple is formed on the opposite side of the analyte
sensor as the sensing area.
[0140] FIG. 13 illustrates a front-side view of an analyte sensor having thermocouple temperature sensor, according
to certain embodiments. The analyte sensor 1400 shown is a glucose sensor having a glucose sensing area 1401
including three electrodes e.g., working electrode , reference electrode, and counter electrode. Electrical traces 1402
extend from the electrodes in the sensing area 1401 to corresponding contact points 1402 for connection to the electronics
in the on-body sensor.
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[0141] Glucose sensor 1400 also includes two traces 1404, 1405. Trace 1404 and 1405 are made of dissimilar materials
(e.g., different metals or metal-alloys) that extend from corresponding contact points 1407, 1408, respectively, to a
junction point 1406 located next to the glucose sensing area 1401. Contact points 1407, 1408 provide electrical connection
to the electronics on the on-body sensor for measurement of the voltage produced by the junction of dissimilar materials.
[0142] In the embodiment shown, the two traces 1404, 1405 of dissimilar materials are on the same side (e.g., front
side) of the glucose sensor 1400, and further are on the same side of the sensor 1400 as the glucose sensing area 1401
and electrode traces 1402. While the distance between the junction point 1406 and the glucose sensing area 1401 may
vary in different embodiments, having the junction point 1406 closer to the glucose sensing area 1401 provides a more
accurate temperature estimate at the glucose sensing area 1401. Some space is needed to provide distance between
the junction point 1406 and the glucose sensing area 1401 for insulation between the two.
[0143] FIG. 14 illustrates a back-side view of an analyte sensor having thermocouple temperature sensor, according
to certain embodiments. The analyte sensor 1500 shown is a glucose sensor having a glucose sensing area 1501
including three electrodes e.g., working electrode , reference electrode, and counter electrode. Electrical traces 1502
extend from the electrodes in the sensing area 1501 to corresponding contact points 1502 for connection to the electronics
in the on-body sensor.
[0144] Glucose sensor 1500 also includes two traces 1504, 1505. Trace 1504 and 1505 are made of dissimilar materials
(e.g., different metals or metal-alloys) that extend from corresponding contact points 1508, 1509, respectively, to a
junction point 1506 located next to the glucose sensing area 1501. Contact points 1507, 1508 provide electrical connection
to the electronics on the on-body sensor for measurement of the voltage produced by the junction of dissimilar materials.
[0145] In the embodiment shown, the two traces 1504,1505 of dissimilar materials are on the opposite side (e.g., back
side) of the glucose sensor 1500 than the glucose sensing 1501 and electrode traces 1402 (e.g., on the front-side).
[0146] While the position of the junction point 1506 relative to the glucose sensing area 1501 may vary in different
embodiments, having the junction point 1506 closer to the glucose sensing area 1501 provides a more accurate tem-
perature estimate at the glucose sensing area 1501. In the embodiment shown, the junction point 1506 and the glucose
sensing area 1501 are insulated from one another by the substrate itself, allowing the two traces 150to extend further
along the analyte sensor (e.g., directly opposite the glucose sensing area 1501).
[0147] It should be appreciated that in certain embodiments one of the two thermocouple traces could be made of the
same material as the electrode traces. It should also be appreciated that in other embodiments one of the thermocouple
traces may be on the opposite side of the sensor as the other thermocouple trace with a junction point near the glucose
sensing area (e.g., implemented using a through-hole via).
[0148] In certain embodiments, the thermocouple sensor includes dissimilar metal traces on facing sides of two pieces
of substrate (e.g., Kapton or another type of Polymer) that adhere together. In such case, the sensor is electrically
isolated from the body as well as not crowding or disturbing the glucose sensing traces since the thermal sensing traces
would be on a different plane. It should be appreciated that each of the dissimilar metals may be disposed on either
inner facing side of the two pieces of substrate, independent of one another, such that a junction point is formed when
the two pieces of substrate are combined. For example, one dissimilar metal may be one facing side while the other
dissimilar metal is on the other facing side, and when the two facing sides are brought together, the two dissimilar metals
forming a thermocouple junction point. This also applies to the other sensor concepts described herein as well.
[0149] FIG. 15 illustrates a system block diagram of an on-body sensor having a thermocouple temperature sensor,
according to certain embodiments. On-body sensor 1600 includes a printed circuit board (PCB) 1601 having various
electronic components thereon, including, for example, the analog front-end circuitry 1602. The thermocouple traces
1602 on the analyte sensor terminate on the PCB 1601 at contact points 1603 that are electrically coupled to non-
thermocouple traces 1604 disposed on the PCB 1601. The non-thermocouple traces 1604 electrically couple the ther-
mocouple traces 1602 to the analog front-end circuitry 1602 for measuring the voltage providing by the thermocouple.
[0150] In certain embodiments, such as shown, an ambient temperature sensor 1605 generates a signal that is used
for "cold junction temperature" compensation in the system. In some instances, the "cold junction" temperature sensor
1605 is positioned at the point that the dissimilar metal traces 1602 are connected to the PCB 1601 in the on-body
device. The voltage that is measured at the cold junction is a function of the temperature differential between the cold
junction and the bonding point.
[0151] Thermocouple tape having two dissimilar metals is described in U.S. Patent No. 3,729,343, filed on January
8, 1971 and issued on April 24, 1973, the entirety of which is hereby incorporated by reference.
[0152] In some aspects of the present disclosure, an analyte sensor is provided having a sensor substrate that includes
two dissimilar materials on opposite sides with a thermocouple junction formed by a through-hole within the substrate.
[0153] In certain embodiments, a metal (or metal-alloy) trace is disposed on one side of the sensor substrate and a
thermocouple trace (e.g., a conductive ink layer) on the opposite side of the substrate. A thermocouple junction is formed
between the metal trace on one side and the conductive ink layer on the opposite side by a through-hole (e.g., a laser-
drilled hole in the substrate). The conductive ink is disposed in the through-hole and forms a thermocouple junction
between the metal trace on one side of the substrate and the conductive ink on the opposite side of the substrate. The
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conductive ink material may be made from any variety of materials suitable for creating a thermocouple junction such
as metal or metal alloys including, but not limited to, platinum, carbon, copper, iron, silver, etc.
[0154] In some aspects of the present disclosure, methods of making the above-mentioned thermocouple are provided.
The methods include forming a metal or metal-alloy layer (e.g., a film plated with the metal or metal-alloy) on a sensor
substrate; removing a portion of the metal or metal-alloy layer (e.g., by forming a laser-drilled hole); forming a conductive
ink layer (e.g., a conductive ink trace) on the opposite side of the substrate as the metal or metal-ally layer; filling the
through-hole with the conductive ink such that a thermocouple junction is formed between the conductive ink layer and
the metal layer.
[0155] In certain embodiments, the metal or metal-alloy layer is also a sensor electrode. It should be appreciated that
the conductive ink may be applied to the sensor substrate at various times. For example, in certain embodiments, the
conductive ink layer may be applied before the through-hole is formed and again applied afterwards to fill the through-
hole. In other embodiments, the conductive ink is applied after the through-hole to form the conductive ink layer and fill
the through-hole.
[0156] FIG. 16 illustrates a cross-sectional view of an analyte sensor substrate having a thermocouple junction, ac-
cording to certain embodiments. The sensor substrate 1701 includes a layer of gold 1702 on one side of the substrate
1701. A through-hole 1703 is formed (e.g., via laser drilling) in the sensor substrate 1701 such that a portion of the layer
of gold 1702 is removed. It should be appreciated that in other embodiments, the portion of the layer of gold 1702 at the
through-hole may be removed before the laser drilled through-hole is formed e.g., via an etching process, etc. or otherwise
disposed on the substrate 1701 in a printed pattern.
[0157] As shown in FIG. 16, a conductive ink layer 1704 is disposed on the opposite side of the sensor substrate 1701
as the layer of gold 1702. The through-hole 1703 is filled with the conductive ink such that the conductive ink layer 1703
and layer of gold 1703 are connected and a thermocouple junction formed.
[0158] Provided below is an example analysis. It should be appreciated that the example analysis is exemplary and
is not meant to be limiting.

Example Analysis:

[0159] The following analysis is provided for exemplary purposes and is not meant to be limiting. The following analysis
is based on the following: a sensor temperature range of 32 degrees C to 42 degrees C (typical body temperature of 37
degrees C +/- 5 degrees C); a cold junction temperature range of 10 degrees C to 50 degrees C; thermocouple op amp
similar to operation amplifier, OPA333, manufactured by Texas Instruments; an analog to digital converter (ADC) with
a resolution less than 0.1 degrees C and input voltage range of 0 to 400 mV; a modulator clock of 32768 Hz and
conversion time of 125 mS (12 Bits); thermocouple sensitivity of 40.7 mV/degrees C (e.g., type T Cu-Cn).
[0160] The analysis was also based on the OPA333 operation amplifier having the following features: low offset voltage
of 10mV(max); zero drift of 0.05mV/°C(max); 0.01 Hz to 10Hz noise of 1.1mVpp; quiescent current of 17mA; single-supply
operation; supply voltage of 1.8V to 5.5V; rail-to-rail input/output; and microsize packages (SC70 and SOT23).
[0161] The results of the analysis were as follows: ADC 1 bit resolution = 97.65mV (12 bits - range of 400mV); required
minimum gain for thermocouple amplifier = 2.4; maximum amplifier offset at ADC = 24mV (this is <1ADC count.); and
type-T thermocouple output at 25.2C = 1.000mV. Any calibration for the ADC slope and offset variation may be done
by applying a known voltage during manufacture, for example.
[0162] The actual gain may be chosen much higher than minimum. The signal as seen by the thermocouple amplifier
is the combination of the cold junction thermocouple and the sensor tip thermocouple. Exact calculations depend on the
Seebeck voltage of the materials chosen.
[0163] In some instances, the cold junction thermocouple may vary in a temperature range that is higher than the
sensor tip thermocouple and also lower than the sensor tip thermocouple. In such case, provided the cold junction
temperature is known and sensitivity of the cold junction TC is known, a subtraction can be made that eliminates the
cold junction contribution.
[0164] In some instances, the method for cold junction compensation uses a precision thermistor and requires no
calibration.
[0165] In certain embodiments, one of the existing sensor electrode conductors is used as one of the thermocouple
connections. Having a thermocouple output that is a differential voltage allows the sensor electrode conductor to be
used and avoid using two additional connections to the sensor.
[0166] In some instances, carbon-polymer contacts are used with a thermocouple amplifier having high impedance
input (non-inverting). This method helps avoid some thermal gradient issue and provides a more direct sensor temperature
measurement.
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Types of Temperature Sensors:

[0167] It should be appreciated that any variety of temperature sensors may be applicable to the subject matter of the
present disclosure. The following temperature sensors are exemplary and are not intended to be limiting.

Thermistor:

[0168] In some aspects of the present disclosure, a thermistor sensor may be used for temperature compensation.
The thermistor sensor may be disposed, for example, on a sensor tail that is positioned under the skin or near the tip of
the analyte sensor. Example thermistors that may be implemented include, but are not limited to, surface mounted
thermistors of type 0402, 0201, or 0105. Other example may include, but are not limited to, glass beads types, epoxy
bead types, or small chip thermistors.
[0169] In some aspects of the present disclosure, the thermistor sensor is located in a thermally conductive structure
such that it protrudes from the bottom of the skin worn transmitter device and provides a low thermal resistance path
from the user’s skin to a thermistor located in the electronics.
[0170] FIG. 17 illustrates an on-body sensor having a thermistor located in a thermally conductive structure such that
it protrudes from the bottom of the on-body sensor, according to certain embodiments. On-body sensor 1800 is shown
attached to a patient’s skin surface 1801. The on-body sensor 1800 includes a thermistor 1802 that is disposed within
a thermally conductive material 1803. The thermistor 1802 is electrically coupled to the on-body sensor’s printed circuit
board (PCB) 1804 for electrical coupling to the electronics on the PCB. The on-body sensor 1800 includes an adhesive
layer 1805 that mounts the on body sensor 1800 to the patient’s skin 1801. The thermally conductive material 1803
including the thermistor 1802 extends beyond the adhesive layer 1805 and protrudes from the on-body sensor 1800.
The thermally conductive material 1803 contacts the skin 1801 of the patient to provide temperature measurement of
the patient’s skin 1801.

Resistive Temperature Device:

[0171] In some aspects of the present disclosure, a resistive temperature device (RTD) type sensor may be used for
temperature compensation. For example, an RTD type sensor may be constructed from traces of metal (e.g., including,
but not limited to, metals such as gold or platinum, or metal-alloys thereof) and deposited onto the sensor substrate. For
instance, an RTD device such as a wire wound encapsulated device may be incorporated onto the sensor tail. The RTD
device may then measure by the sensor electronics.

Pyro-Electric Sensor:

[0172] In some aspects of the present disclosure, a pyro-electric sensor may be used for temperature compensation.
Pyro-electric sensors are sensitive to the infra-red light emitted by a warm object e.g., the patients skin. In certain
embodiments, an optical path is constructed from the patient’s skin surface to the pyro-electric sensor that is located
inside the electronics of the on-body unit. In this way, the skin surface temperature can be sensed and measured.

Semiconductor Sensor:

[0173] In some aspects of the present disclosure, a semiconductor sensor may be used for temperature compensation.
In certain embodiments, a semiconductor sensor (such as, but not limited to, a diode junction or band gap type temperature
sensor) is disposed (e.g., directly or disposed on a small device) either on the sensor tail or very close to the sensor
insertion site to sense the glucose sensor temperature.

Temperature Compensation and Sensing Elements:

[0174] In some aspects of the present disclosure, analyte monitoring devices and systems include a sensing area that
includes two or more sensing elements disposed on the sensing surface. For example, the sensing surface may be on
a working electrode. Additional details regarding multiple sensing elements disposed on a sensing surface may be found
in U.S. Provisional Patent Application No. 61/421,371, filed December 9, 2010, the entirety of which is incorporated
herein by reference.
[0175] In certain embodiments, more than one sensing element is disposed at the sensing area (e.g., sensor tip). As
demonstrated above, temperature compensation may be performed when multiple sensing elements are at the sensor
tip. Furthermore, it has been shown that very small sensing layer areas improve repeatability of the sensor sensitivity.
Further, multiple sensing dots may promote the collection of sufficient current for generating a viable signal.
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[0176] In certain embodiments, on-body sensors are provided having multiple sensing elements at the sensing area,
wherein some of the sensing elements are made of a different material than other sensing elements. For example, some
of the sensing elements are made of a first material and the other sensing elements are made of a second material. The
different materials have different temperature responses. Thus, current from the sensing elements of one material may
be collected and compared to the current from the sensing elements of the second material to determine the temperature
at the sensor tip. In this way, a temperature measurement is performed almost directly at the sensor tip.
[0177] FIG. 18 illustrates a top view of multiple sensing elements disposed on a sensing surface, according to certain
embodiments. Sensing surface 1900 is shown including sensing elements A and sensing elements B. Sensing elements
A are made of a first material and sensing elements B are made from a different material than sensing elements A. The
different materials (e.g., sensing chemistries) have different temperature dependencies and thus different temperature
responses. Current from sensing elements A are compared to current from sensing elements B to determine the tem-
perature at the sensor tip. In this way, a temperature measurement is performed almost directly at the sensor tip.
[0178] It should be appreciated that the number of sensing elements may vary in different embodiments. Further, it
should also be appreciated that the sensing elements may be disposed on the sensing surface in a variety of shapes
and patterns, and should not be limited to the embodiment shown in FIG. 18.

Temperature Compensation and Electrodes with Different Chemistries

[0179] In some aspects of the present disclosure, temperature compensation is performed when multiple working
electrodes having different chemistries are present. For example, in some instances, an OBU may include a double
sensor having different enzymes. For example, an on-body sensor may include two working electrodes having different
sensing chemistries on each electrode. Because the sensing chemistry is different, their temperature dependencies are
different. However, in a limited temperature range, the functional dependence is the same. Sensor current may be
determined by, for example: 

where I is the sensor current, a is a known positive constant much less than unity, and Tnom is a set temperature. The
sensor current also depends on the surface area, the amount of sensing material, and efficiency of the sensing chemistry
and diffusion controlling membrane collectively referred to herein as factor A. The ratio of the sensor currents is: 

[0180] Solving for T: 

[0181] All of the quantities on the rights side of the equation are, in principle, known. If A1 is set equal to A2, then I1
= I2 when T = Tnom.
[0182] Once T is calculated, the sensor current is compensated for temperature and the analyte level calculated.

Temperature Compensation Using a Known Reservoir

[0183] In some aspects of the present disclosure, a secondary sensing element is used to directly measure the effect
of temperature on the chemistry, independent of the user’s analyte level (e.g., blood glucose). This measurement data
is used in conjunction with measurement data from the primary sensor, which is dependent on temperature and the
user’s blood glucose, to remove the temperature effect. In this way, a more accurate estimate of the user’s blood glucose
concentration may be achieved. Moreover, temperature variation may be automatically compensated without imple-
menting the mathematical model used in the some of the two sensor models described above, and instead use the
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chemistry to compensate itself.
[0184] In certain embodiments, an on-body sensor includes a secondary sensing element and a known volume of
glucose at a known concentration (e.g., as provided by a "reservoir"). Having a secondary sensing element and a known
volume of glucose at a known concentration (e.g., as provided by a "reservoir") enables temperature variation to be
"cancelled out" without having to model the actual temperature variation of the chemistry. The secondary sensing element
may be disposed under the skin, for example, and the secondary dot and reservoir isolated from the rest of the system.
In some instances, the reservoir is physically small, but lasts for the entire sensor life.
[0185] In certain embodiments, this type of thermometer may be operated in two ways; in the linear range, and in
saturation. In the linear range, the current is a function of the glucose concentration and the temperature. The glucose
concentration as a function of time is calculated by keeping track of the total charge collected. This yields the expected
current at the nominal temperature. Any difference between the expected current and the actual current may be attributed
to temperature variation. In certain embodiments, a membrane is disposed between the sensing element and the reservoir
for operation in the linear range.
[0186] In saturation, the current is determined solely by enzyme activity. Since this is a function of temperature,
temperature variation may be measured directly. When operating in saturation, the membrane may be thinner, even if
glucose concentrations should need to remain high.
[0187] In certain embodiments, the reservoir is kept away from the sensing element until the sensor has started,
whether operating in either the linear range or saturation. In this way, any time limit to the stability of the sensing layer
in a wet environment is accounted for. For example, a temporary barrier may be implemented that ceases to separate
the second sensing area and the reservoir when the analyte sensor is transcutaneously positioned e.g., a barrier that
is broken, dissolved, or otherwise removed upon the insertion process.
[0188] In certain embodiments, the secondary sensor signal is an analog signal which controls the gain of the primary
sensor circuit. The gain control may be linear since the secondary signal itself contains the complex non-linear variation
that may be more difficult to model.
[0189] In certain embodiments, the secondary sensor signal is sampled and the primary signal gain modified in a
software algorithm. The software algorithm may be executed by a processing device in the on-body electronics for
example. The gain control may be linear since the secondary signal itself contains the complex non-linear variation that
may be more difficult to model.
[0190] Provided below are example analyses related to using a known reservoir. The example analyses are exemplary
and are not meant to be limiting.

Example 1:

[0191] A sensing dot with an area of 0.01 square millimeter (1/10 the area of the primary sensing dot), and a cubical
reservoir of side length 0.5 millimeters filled with 10 millimolar glucose solution starts with a current of 6nA, and finishes
with a current of 0.6 nA.

Example 2:

[0192]

Example 3:

[0193] Time Evolution of Glucose Concentration
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N = # of molecules in reservoir 

n = # molecules/m3 concentration
V = reservoir volume 

A = m2 area of sensing dot 

Example 4:

[0194] Time Constant vs Sensor Life: 

Cube: .5 mm on a side

Maximum and Minimum Concentrations and Currents

[0195]
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[0196] It should be understood that techniques introduced above can be implemented by programmable circuitry
programmed or configured by software and/or firmware, or they can be implemented entirely by special-purpose "hard-
wired" circuitry, or in a combination of such forms. Such special-purpose circuitry (if any) can be in the form of, for
example, one or more application-specific integrated circuits (ASICS), programmable logic devices (PLDs), field-pro-
grammable gate arrays (FPGAs), etc.
[0197] Software or firmware implementing the techniques introduced herein may be stored on a machine-readable
storage medium and may be executed by one or more general-purpose or special-purpose programmable microproc-
essors. A "machine-readable medium", as the term is used herein, includes any mechanism that can store information
in a form accessible by a machine (a machine may be, for example, a computer, network device, cellular phone, personal
digital assistant (PDA), manufacturing took, any device with one or more processors, etc.). For example, a machine-
accessible medium includes recordable/non-recordable media (e.g., read-only memory (ROM); random access memory
(RAM); magnetic disk storage media; optical storage media; flash memory devices; etc.), etc.
The term "logic", as used herein, can include, for example, special purpose hardwired circuitry, software and/or firmware
in conjunction with programmable circuitry, or a combination thereof.

Electrochemical Sensors

[0198] Embodiments of the present disclosure relate to methods and devices for detecting at least one analyte, including
glucose, in body fluid. Embodiments relate to the continuous and/or automatic in vivo monitoring of the level of one or
more analytes using a continuous analyte monitoring system that includes an analyte sensor at least a portion of which
is to be positioned beneath a skin surface of a user for a period of time and/or the discrete monitoring of one or more
analytes using an in vitro blood glucose ("BG") meter and an analyte test strip. Embodiments include combined or
combinable devices, systems and methods and/or transferring data between an in vivo continuous system and an in
vivo system. In certain embodiments, the systems, or at least a portion of the systems, are integrated into a single unit.
[0199] An analyte sensor as described herein may be an in vivo analyte sensor or an in vitro sensor (i.e., a discrete
monitoring test strip). Such a sensor can be formed on a substrate, e.g., a substantially planar substrate. In certain
embodiments, the sensor is a wire, e.g., a working electrode wire inner portion with one or more other electrodes
associated (e.g., on, including wrapped around) therewith. The sensor may also include at least one counter electrode
(or counter/reference electrode) and/or at least one reference electrode or at least one reference/counter electrode.
[0200] Accordingly, embodiments include analyte monitoring devices and systems that include an analyte sensor at
least a portion of which is positionable beneath the skin surface of the user for the in vivo detection of an analyte, including
glucose, lactate, ketones, and the like, in a body fluid. Embodiments include wholly implantable analyte sensors and
analyte sensors in which only a portion of the sensor is positioned under the skin and a portion of the sensor resides
above the skin, e.g., for contact to a sensor control unit (which may include a transmitter), a receiver/display unit,
transceiver, processor, etc. The sensor may be, for example, subcutaneously positionable in a user for the continuous
or periodic monitoring of a level of an analyte in the user’s interstitial fluid. For the purposes of this description, continuous
monitoring and periodic monitoring will be used interchangeably, unless noted otherwise. The sensor response may be
correlated and/or converted to analyte levels in blood or other fluids. In certain embodiments, an analyte sensor may
be positioned in contact with interstitial fluid to detect the level of glucose, which detected glucose may be used to infer
the glucose level in the user’s bloodstream. Analyte sensors may be insertable into a vein, artery, or other portion of the
body containing fluid. Embodiments of the analyte sensors may be configured for monitoring the level of the analyte
over a time period which may range from seconds, minutes, hours, days, weeks, to months, or longer.
[0201] In certain embodiments, the analyte sensors, such as glucose sensors, are capable of in vivo detection of an
analyte for one hour or more, e.g., a few hours or more, e.g., a few days or more, e.g., three or more days, e.g., five
days or more, e.g., seven days or more, e.g., several weeks or more, or one month or more. Future analyte levels may
be predicted based on information obtained, e.g., the current analyte level at time t0, the rate of change of the analyte,
etc. Predictive alarms may notify the user of a predicted analyte level that may be of concern in advance of the user’s
analyte level reaching the future predicted analyte level. This provides the user an opportunity to take corrective action.
[0202] FIG. 1 shows a data monitoring and management system such as, for example, an analyte (e.g., glucose)
monitoring system 100 in accordance with certain embodiments. Aspects of the subject disclosure are further described
primarily with respect to glucose monitoring devices and systems, and methods of glucose detection, for convenience
only and such description is in no way intended to limit the scope of the embodiments. It is to be understood that the
analyte monitoring system may be configured to monitor a variety of analytes at the same time or at different times.
[0203] Analytes that may be monitored include, but are not limited to, acetyl choline, amylase, bilirubin, cholesterol,
chorionic gonadotropin, glycosylated hemoglobin (HbA1c), creatine kinase (e.g., CK-MB), creatine, creatinine, DNA,
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fructosamine, glucose, glucose derivatives, glutamine, growth hormones, hormones, ketones, ketone bodies, lactate,
peroxide, prostate-specific antigen, prothrombin, RNA, thyroid stimulating hormone, and troponin. The concentration of
drugs, such as, for example, antibiotics (e.g., gentamicin, vancomycin, and the like), digitoxin, digoxin, drugs of abuse,
theophylline, and warfarin, may also be monitored. In embodiments that monitor more than one analyte, the analytes
may be monitored at the same or different times.
[0204] The analyte monitoring system 100 includes an analyte sensor 101, a data processing unit 102 connectable
to the sensor 101, and a primary receiver unit 104. In some instances, the primary receiver unit 104 is configured to
communicate with the data processing unit 102 via a communication link 103. In certain embodiments, the primary
receiver unit 104 may be further configured to transmit data to a data processing terminal 105 to evaluate or otherwise
process or format data received by the primary receiver unit 104. The data processing terminal 105 may be configured
to receive data directly from the data processing unit 102 via a communication link 107, which may optionally be configured
for bi-directional communication. Further, the data processing unit 102 may include a transmitter or a transceiver to
transmit and/or receive data to and/or from the primary receiver unit 104 and/or the data processing terminal 105 and/or
optionally a secondary receiver unit 106.
[0205] Also shown in FIG. 1 is an optional secondary receiver unit 106 which is operatively coupled to the communication
link 103 and configured to receive data transmitted from the data processing unit 102. The secondary receiver unit 106
may be configured to communicate with the primary receiver unit 104, as well as the data processing terminal 105. In
certain embodiments, the secondary receiver unit 106 may be configured for bi-directional wireless communication with
each of the primary receiver unit 104 and the data processing terminal 105. As discussed in further detail below, in some
instances, the secondary receiver unit 106 may be a de-featured receiver as compared to the primary receiver unit 104,
for instance, the secondary receiver unit 106 may include a limited or minimal number of functions and features as
compared with the primary receiver unit 104. As such, the secondary receiver unit 106 may include a smaller (in one or
more, including all, dimensions), compact housing or embodied in a device including a wrist watch, arm band, PDA,
mp3 player, cell phone, etc., for example. Alternatively, the secondary receiver unit 106 may be configured with the
same or substantially similar functions and features as the primary receiver unit 104. The secondary receiver unit 106
may include a docking portion configured to mate with a docking cradle unit for placement by, e.g., the bedside for night
time monitoring, and/or a bi-directional communication device. A docking cradle may recharge a power supply.
[0206] Only one analyte sensor 101, data processing unit 102 and data processing terminal 105 are shown in the
embodiment of the analyte monitoring system 100 illustrated in FIG. 1. However, it will be appreciated by one of ordinary
skill in the art that the analyte monitoring system 100 may include more than one sensor 101 and/or more than one data
processing unit 102, and/or more than one data processing terminal 105. Multiple sensors may be positioned in a user
for analyte monitoring at the same or different times. In certain embodiments, analyte information obtained by a first
sensor positioned in a user may be employed as a comparison to analyte information obtained by a second sensor. This
may be useful to confirm or validate analyte information obtained from one or both of the sensors. Such redundancy
may be useful if analyte information is contemplated in critical therapy-related decisions. In certain embodiments, a first
sensor may be used to calibrate a second sensor.
[0207] The analyte monitoring system 100 may be a continuous monitoring system, or semi-continuous, or a discrete
monitoring system. In a multi-component environment, each component may be configured to be uniquely identified by
one or more of the other components in the system so that communication conflict may be readily resolved between the
various components within the analyte monitoring system 100. For example, unique IDs, communication channels, and
the like, may be used.
[0208] In certain embodiments, the sensor 101 is physically positioned in or on the body of a user whose analyte level
is being monitored. The sensor 101 may be configured to at least periodically sample the analyte level of the user and
convert the sampled analyte level into a corresponding signal for transmission by the data processing unit 102. The data
processing unit 102 is coupleable to the sensor 101 so that both devices are positioned in or on the user’s body, with
at least a portion of the analyte sensor 101 positioned transcutaneously. The data processing unit may include a fixation
element, such as an adhesive or the like, to secure it to the user’s body. A mount (not shown) attachable to the user
and mateable with the data processing unit 102 may be used. For example, a mount may include an adhesive surface.
The data processing unit 102 performs data processing functions, where such functions may include, but are not limited
to, filtering and encoding of data signals, each of which corresponds to a sampled analyte level of the user, for transmission
to the primary receiver unit 104 via the communication link 103. In certain embodiments, the sensor 101 or the data
processing unit 102 or a combined sensor/data processing unit may be wholly implantable under the skin surface of the
user.
[0209] In certain embodiments, the primary receiver unit 104 may include an analog interface section including an RF
receiver and an antenna that is configured to communicate with the data processing unit 102 via the communication link
103, and a data processing section for processing the received data from the data processing unit 102 including data
decoding, error detection and correction, data clock generation, data bit recovery, etc., or any combination thereof.
[0210] In operation, the primary receiver unit 104 in certain embodiments is configured to synchronize with the data
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processing unit 102 to uniquely identify the data processing unit 102, based on, for example, an identification information
of the data processing unit 102, and thereafter, to periodically receive signals transmitted from the data processing unit
102 associated with the monitored analyte levels detected by the sensor 101.
[0211] Referring again to FIG. 1, the data processing terminal 105 may include a personal computer, a portable
computer including a laptop or a handheld device (e.g., a personal digital assistant (PDA), a telephone including a cellular
phone (e.g., a multimedia and Internet-enabled mobile phone including an iPhone™, a Blackberry®, or similar phone),
an mp3 player (e.g., an iPOD™, etc.), a pager, and the like), and/or a drug delivery device (e.g., an infusion device),
each of which may be configured for data communication with the receiver via a wired or a wireless connection. Addi-
tionally, the data processing terminal 105 may further be connected to a data network (not shown) for storing, retrieving,
updating, and/or analyzing data corresponding to the detected analyte level of the user.
[0212] The data processing terminal 105 may include a drug delivery device (e.g., an infusion device), such as an
insulin infusion pump or the like, which may be configured to administer a drug (e.g., insulin) to the user, and which may
be configured to communicate with the primary receiver unit 104 for receiving, among others, the measured analyte
level. Alternatively, the primary receiver unit 104 may be configured to integrate an infusion device therein so that the
primary receiver unit 104 is configured to administer an appropriate drug (e.g., insulin) to users, for example, for admin-
istering and modifying basal profiles, as well as for determining appropriate boluses for administration based on, among
others, the detected analyte levels received from the data processing unit 102. An infusion device may be an external
device or an internal device, such as a device wholly implantable in a user.
[0213] In certain embodiments, the data processing terminal 105, which may include an infusion device, e.g., an insulin
pump, may be configured to receive the analyte signals from the data processing unit 102, and thus, incorporate the
functions of the primary receiver unit 104 including data processing for managing the user’s insulin therapy and analyte
monitoring. In certain embodiments, the communication link 103, as well as one or more of the other communication
interfaces shown in FIG. 1, may use one or more wireless communication protocols, such as, but not limited to: an RF
communication protocol, an infrared communication protocol, a Bluetooth enabled communication protocol, an 802.11x
wireless communication protocol, or an equivalent wireless communication protocol which would allow secure, wireless
communication of several units (for example, per Health Insurance Portability and Accountability Act (HIPPA) require-
ments), while avoiding potential data collision and interference.
[0214] FIG. 2 shows a block diagram of an embodiment of a data processing unit 102 of the analyte monitoring system
shown in FIG. 1. User input and/or interface components may be included or a data processing unit may be free of user
input and/or interface components. In certain embodiments, one or more application-specific integrated circuits (ASIC)
may be used to implement one or more functions or routines associated with the operations of the data processing unit
(and/or receiver unit) using for example one or more state machines and buffers.
[0215] As can be seen in the embodiment of FIG. 2, the analyte sensor 101 (FIG. 1) includes four contacts, three of
which are electrodes: a work electrode (W) 210, a reference electrode (R) 212, and a counter electrode (C) 213, each
operatively coupled to the analog interface 201 of the data processing unit 102. This embodiment also shows an optional
guard contact (G) 211. Fewer or greater electrodes may be employed. For example, the counter and reference electrode
functions may be served by a single counter/reference electrode. In some cases, there may be more than one working
electrode and/or reference electrode and/or counter electrode, etc.
[0216] FIG. 3 is a block diagram of an embodiment of a receiver/monitor unit such as the primary receiver unit 104 of
the analyte monitoring system shown in FIG. 1. The primary receiver unit 104 includes one or more of: a test strip
interface 301, an RF receiver 302, a user input 303, an optional temperature detection section 304, and a clock 305,
each of which is operatively coupled to a processing and storage section 307. The primary receiver unit 104 also includes
a power supply 306 operatively coupled to a power conversion and monitoring section 308. Further, the power conversion
and monitoring section 308 is also coupled to the processing and storage section 307. Moreover, also shown are a
receiver serial communication section 309, and an output 310, each operatively coupled to the processing and storage
section 307. The primary receiver unit 104 may include user input and/or interface components or may be free of user
input and/or interface components.
[0217] In certain embodiments, the test strip interface 301 includes an analyte testing portion (e.g., a glucose level
testing portion) to receive a blood (or other body fluid sample) analyte test or information related thereto. For example,
the test strip interface 301 may include a test strip port to receive a test strip (e.g., a glucose test strip). The device may
determine the analyte level of the test strip, and optionally display (or otherwise notice) the analyte level on the output
310 of the primary receiver unit 104. Any suitable test strip may be employed, e.g., test strips that only require a very
small amount (e.g., 3 microliters or less, e.g., 1 microliter or less, e.g., 0.5 microliters or less, e.g., 0.1 microliters or less),
of applied sample to the strip in order to obtain accurate glucose information. Embodiments of test strips include, e.g.,
FreeStyle® or Precision® blood glucose test strips from Abbott Diabetes Care Inc. (Alameda, CA). Glucose information
obtained by an in vitro glucose testing device may be used for a variety of purposes, computations, etc. For example,
the information may be used to calibrate sensor 101, confirm results of sensor 101 to increase the confidence thereof
(e.g., in instances in which information obtained by sensor 101 is employed in therapy related decisions), etc.
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[0218] In further embodiments, the data processing unit 102 and/or the primary receiver unit 104 and/or the secondary
receiver unit 106, and/or the data processing terminal/infusion device 105 may be configured to receive the analyte
value wirelessly over a communication link from, for example, a blood glucose meter. In further embodiments, a user
manipulating or using the analyte monitoring system 100 (FIG. 1) may manually input the analyte value using, for example,
a user interface (for example, a keyboard, keypad, voice commands, and the like) incorporated in one or more of the
data processing unit 102, the primary receiver unit 104, secondary receiver unit 106, or the data processing terminal/in-
fusion device 105.
[0219] Additional detailed descriptions of exemplary sensors are provided in U.S. Patent Nos. 5,262,035; 5,264,104;
5,262,305; 5,320,715; 5,593,852; 6,175,752; 6,650,471; 6,746, 582, and 7,811,231, each of which is incorporated herein
by reference in their entirety.
[0220] FIG. 4 schematically shows an embodiment of an analyte sensor 400 in accordance with the embodiments of
the present disclosure. This sensor embodiment includes electrodes 401, 402 and 403 on a base 404. Electrodes (and/or
other features) may be applied or otherwise processed using any suitable technology, e.g., chemical vapor deposition
(CVD), physical vapor deposition, sputtering, reactive sputtering, printing, coating, ablating (e.g., laser ablation), painting,
dip coating, etching, and the like. Materials include, but are not limited to, any one or more of aluminum, carbon (including
graphite), cobalt, copper, gallium, gold, indium, iridium, iron, lead, magnesium, mercury (as an amalgam), nickel, niobium,
osmium, palladium, platinum, rhenium, rhodium, selenium, silicon (e.g., doped polycrystalline silicon), silver, tantalum,
tin, titanium, tungsten, uranium, vanadium, zinc, zirconium, mixtures thereof, and alloys, oxides, or metallic compounds
of these elements.
[0221] The analyte sensor 400 may be wholly implantable in a user or may be configured so that only a portion is
positioned within (internal) a user and another portion outside (external) a user. For example, the sensor 400 may include
a first portion positionable above a surface of the skin 410, and a second portion positioned below the surface of the
skin. In such embodiments, the external portion may include contacts (connected to respective electrodes of the second
portion by traces) to connect to another device also external to the user such as a transmitter unit. While the embodiment
of FIG. 4 shows three electrodes side-by-side on the same surface of base 404, other configurations are contemplated,
e.g., fewer or greater electrodes, some or all electrodes on different surfaces of the base or present on another base,
some or all electrodes stacked together, electrodes of differing materials and dimensions, etc.
[0222] The substrate may be formed using a variety of non-conducting materials, including, for example, polymeric
or plastic materials and ceramic materials. Suitable materials for a particular sensor may be determined, at least in part,
based on the desired use of the sensor and properties of the materials.
[0223] In certain embodiments, the substrate is flexible. For example, if the sensor is configured for implantation into
a user, then the sensor may be made flexible (although rigid sensors may also be used for implantable sensors) to
reduce pain to the user and damage to the tissue caused by the implantation of and/or the wearing of the sensor. A
flexible substrate often increases the user’s comfort and allows a wider range of activities. Suitable materials for a flexible
substrate include, for example, non-conducting plastic or polymeric materials and other non-conducting, flexible, de-
formable materials. Examples of useful plastic or polymeric materials include thermoplastics such as polycarbonates,
polyesters (e.g., polyethylene terephthalate (PET)), polyvinyl chloride (PVC), polyurethanes, polyethers, polyamides,
polyimides, or copolymers of these thermoplastics, such as PETG (glycol-modified polyethylene terephthalate).
[0224] In other embodiments, the sensors are made using a relatively rigid substrate to, for example, provide structural
support against bending or breaking. Examples of rigid materials that may be used as the substrate include poorly
conducting ceramics, such as aluminum oxide and silicon dioxide. An implantable sensor having a rigid substrate may
have a sharp point and/or a sharp edge to aid in implantation of a sensor without an additional insertion device.
[0225] It will be appreciated that for many sensors and sensor applications, both rigid and flexible sensors will operate
adequately. The flexibility of the sensor may also be controlled and varied along a continuum by changing, for example,
the composition and/or thickness of the substrate.
[0226] In addition to considerations regarding flexibility, it is often desirable that implantable sensors should have a
substrate which is physiologically harmless, for example, a substrate approved by a regulatory agency or private institution
for in vivo use.
[0227] The sensor may include optional features to facilitate insertion of an implantable sensor. For example, the
sensor may be pointed at the tip to ease insertion. In addition, the sensor may include a barb which assists in anchoring
the sensor within the tissue of the user during operation of the sensor. However, the barb may be small enough so that
little damage is caused to the subcutaneous tissue when the sensor is removed for replacement.

Electronics Unit

[0228] A sensor electronics unit such as a sensor control unit can be integrated in the sensor, part or all of which is
subcutaneously implanted or it can be configured to be placed on the skin of a user. The sensor control unit is optionally
formed in a shape that is comfortable to the user and which may permit concealment, for example, under a user’s
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clothing. The thigh, leg, upper arm, shoulder, or abdomen are convenient parts of the user’s body for placement of the
sensor control unit to maintain concealment. However, the sensor control unit may be positioned on other portions of
the user’s body. Certain embodiments of the sensor control unit has a thin, oval shape to enhance concealment. However,
other shapes and sizes may be used.
[0229] The particular profile, as well as the height, width, length, weight, and volume of the sensor control unit may
vary and depends, at least in part, on the components and associated functions included in the sensor control unit. In
general, the sensor control unit includes a housing may be formed as a single integral unit that rests on the skin of the
user. The housing may contain most or all of the electronic components of the sensor control unit.
[0230] The housing of the sensor control unit may be formed using a variety of materials, including, for example, plastic
and polymeric materials, such as rigid thermoplastics and engineering thermoplastics. Suitable materials include, for
example, polyvinyl chloride, polyethylene, polypropylene, polystyrene, ABS polymers, and copolymers thereof. The
housing of the sensor control unit may be formed using a variety of techniques including, for example, injection molding,
compression molding, casting, and other molding methods. Hollow or recessed regions may be formed in the housing
of the sensor control unit. The electronic components of the sensor control unit and/or other items, including a battery
or a speaker for an audible alarm, may be placed in the hollow or recessed areas.
[0231] The sensor control unit may be attached to the skin of the user, for example, by adhering the sensor control
unit directly to the skin of the user with an adhesive provided on at least a portion of the housing of the sensor control
unit which contacts the skin or by suturing the sensor control unit to the skin through suture openings in the sensor
control unit.
[0232] When positioned on the skin of a user, the sensor and the electronic components within the sensor control unit
are coupled via conductive contacts. The one or more working electrodes, counter electrode (or counter/reference
electrode), optional reference electrode, and optional temperature probe are attached to individual conductive contacts.
For example, the conductive contacts are provided on the interior of the sensor control unit. Other embodiments of the
sensor control unit have the conductive contacts disposed on the exterior of the housing. The placement of the conductive
contacts is such that they are in contact with the contact pads on the sensor when the sensor is properly positioned
within the sensor control unit.

Sensor Electronics

[0233] The sensor electronics also may include at least a portion of the electronic components that operate the sensor
and the analyte monitoring device system. The electronic components of the sensor control unit may include a power
supply for operating the sensor control unit and the sensor, a sensor circuit for obtaining signals from and operating the
sensor, a measurement circuit that converts sensor signals to a desired format, and a processing circuit that, at minimum,
obtains signals from the sensor circuit and/or measurement circuit and provides the signals to an optional transmitter.
In certain embodiments, the processing circuit may also partially or completely evaluate the signals from the sensor and
convey the resulting data to the optional transmitter and/or activate an optional alarm system if the analyte level exceeds
a threshold. The processing circuit often includes digital logic circuitry.
[0234] The sensor control unit may optionally contain a transmitter for transmitting the sensor signals or processed
data from the processing circuit to a receiver/display unit; a data storage unit for temporarily or permanently storing data
from the processing circuit; a temperature probe circuit for receiving signals from and operating a temperature probe; a
reference voltage generator for providing a reference voltage for comparison with sensor-generated signals; and/or a
watchdog circuit that monitors the operation of the electronic components in the sensor control unit.
[0235] Moreover, the sensor control unit may also include digital and/or analog components utilizing semiconductor
devices, including transistors. To operate these semiconductor devices, the sensor control unit may include other com-
ponents including, for example, a bias control generator to correctly bias analog and digital semiconductor devices, an
oscillator to provide a clock signal, and a digital logic and timing component to provide timing signals and logic operations
for the digital components of the circuit.
[0236] As an example of the operation of these components, the sensor circuit and the optional temperature probe
circuit provide raw signals from the sensor to the measurement circuit. The measurement circuit converts the raw signals
to a desired format, using for example, a current-to-voltage converter, current-to-frequency converter, and/or a binary
counter or other indicator that produces a signal proportional to the absolute value of the raw signal. This may be used,
for example, to convert the raw signal to a format that can be used by digital logic circuits. The processing circuit may
then, optionally, evaluate the data and provide commands to operate the electronics.

Calibration

[0237] Analyte sensors may be configured to require no system calibration or no user calibration. For example, a
sensor may be factory calibrated and need not require further calibrating. In certain embodiments, calibration may be
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required, but may be done without user intervention, i.e., may be automatic. In those embodiments in which calibration
by the user is required, the calibration may be according to a predetermined schedule or may be dynamic, i.e., the time
for which may be determined by the system on a real-time basis according to various factors, including, but not limited
to, glucose concentration and/or temperature and/or rate of change of glucose, etc.
[0238] In addition to a transmitter, an optional receiver may be included in the sensor control unit. In some cases, the
transmitter is a transceiver, operating as both a transmitter and a receiver. The receiver may be used to receive calibration
data for the sensor. The calibration data may be used by the processing circuit to correct signals from the sensor. This
calibration data may be transmitted by the receiver/display unit or from some other source such as a control unit in a
doctor’s office. In addition, the optional receiver may be used to receive a signal from the receiver/display units to direct
the transmitter, for example, to change frequencies or frequency bands, to activate or deactivate the optional alarm
system and/or to direct the transmitter to transmit at a higher rate.
[0239] Calibration data may be obtained in a variety of ways. For instance, the calibration data may be factory-
determined calibration measurements which can be input into the sensor control unit using the receiver or may alterna-
tively be stored in a calibration data storage unit within the sensor control unit itself (in which case a receiver may not
be needed). The calibration data storage unit may be, for example, a readable or readable/writeable memory circuit. In
some cases, a system may only need to be calibrated once during the manufacturing process, where recalibration of
the system is not required.
[0240] If necessary, calibration may be accomplished using an in vitro test strip (or other reference), e.g., a small
sample test strip such as a test strip that requires less than about 1 microliter of sample (for example FreeStyle® or
Precision® blood glucose monitoring test strips from Abbott Diabetes Care, Alameda, CA). For example, test strips that
require less than about 1 nanoliter of sample may be used. In certain embodiments, a sensor may be calibrated using
only one sample of body fluid per calibration event. For example, a user need only lance a body part one time to obtain
a sample for a calibration event (e.g., for a test strip), or may lance more than one time within a short period of time if
an insufficient volume of sample is firstly obtained. Embodiments include obtaining and using multiple samples of body
fluid for a given calibration event, where glucose values of each sample are substantially similar. Data obtained from a
given calibration event may be used independently to calibrate or combined with data obtained from previous calibration
events, e.g., averaged including weighted averaged, etc., to calibrate. In certain embodiments, a system need only be
calibrated once by a user, where recalibration of the system is not required.
[0241] Alternative or additional calibration data may be provided based on tests performed by a health care professional
or by the user. For example, it is common for diabetic individuals to determine their own blood glucose concentration
using commercially available testing kits. The results of this test is input into the sensor control unit either directly, if an
appropriate input device (e.g., a keypad, an optical signal receiver, or a port for connection to a keypad or computer) is
incorporated in the sensor control unit, or indirectly by inputting the calibration data into the receiver/display unit and
transmitting the calibration data to the sensor control unit.
[0242] Other methods of independently determining analyte levels may also be used to obtain calibration data. This
type of calibration data may supplant or supplement factory-determined calibration values.
[0243] In certain embodiments of the present disclosure , calibration data may be required at periodic intervals, for
example, every eight hours, once a day, or once a week, to confirm that accurate analyte levels are being reported.
Calibration may also be required each time a new sensor is implanted or if the sensor exceeds a threshold minimum or
maximum value or if the rate of change in the sensor signal exceeds a threshold value. In some cases, it may be
necessary to wait a period of time after the implantation of the sensor before calibrating to allow the sensor to achieve
equilibrium. In certain embodiments, the sensor is calibrated only after it has been inserted. In other embodiments, no
calibration of the sensor is needed.

Analyte Monitoring Device

[0244] In certain embodiments, the analyte monitoring device includes a sensor control unit and a sensor. In these
embodiments, the processing circuit of the sensor control unit is able to determine a level of the analyte and activate an
alarm system if the analyte level exceeds a threshold value. The sensor control unit, in these embodiments, has an
alarm system and may also include a display, such as an LCD or LED display.
[0245] A threshold value is exceeded if the datapoint has a value that is beyond the threshold value in a direction
indicating a particular condition. For example, a datapoint which correlates to a glucose level of 200 mg/dL exceeds a
threshold value for hyperglycemia of 180 mg/dL, because the datapoint indicates that the user has entered a hypergly-
cemic state. As another example, a datapoint which correlates to a glucose level of 65 mg/dL exceeds a threshold value
for hypoglycemia of 70 mg/dL because the datapoint indicates that the user is hypoglycemic as defined by the threshold
value. However, a datapoint which correlates to a glucose level of 75 mg/dL would not exceed the same threshold value
of 70 mg/dL for hypoglycemia because the datapoint does not indicate that particular condition as defined by the chosen
threshold value.
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[0246] An alarm may also be activated if the sensor readings indicate a value that is outside of (e.g., above or below)
a measurement range of the sensor. For glucose, the physiologically relevant measurement range may be 30-400 mg/dL,
including 40-300 mg/dL and 50-250 mg/dL, of glucose in the interstitial fluid.
[0247] The alarm system may also, or alternatively, be activated when the rate of change or acceleration of the rate
of change in analyte level increase or decrease reaches or exceeds a threshold rate or acceleration. For example, in
the case of a subcutaneous glucose monitor, the alarm system may be activated if the rate of change in glucose
concentration exceeds a threshold value which may indicate that a hyperglycemic or hypoglycemic condition is likely to
occur. In some cases, the alarm system is activated if the acceleration of the rate of change in glucose concentration
exceeds a threshold value which may indicate that a hyperglycemic or hypoglycemic condition is likely to occur.
[0248] A system may also include system alarms that notify a user of system information such as battery condition,
calibration, sensor dislodgment, sensor malfunction, etc. Alarms may be, for example, auditory and/or visual. Other
sensory-stimulating alarm systems may be used including alarm systems which heat, cool, vibrate, or produce a mild
electrical shock when activated.

Drug Delivery System

[0249] The subject matter of the present disclosure also includes sensors used in sensor-based drug delivery systems.
The system may provide a drug to counteract the high or low level of the analyte in response to the signals from one or
more sensors. Alternatively, the system may monitor the drug concentration to ensure that the drug remains within a
desired therapeutic range. The drug delivery system may include one or more (e.g., two or more) sensors, a processing
unit such as a transmitter, a receiver/display unit, and a drug administration system. In some cases, some or all com-
ponents may be integrated in a single unit. A sensor-based drug delivery system may use data from the one or more
sensors to provide necessary input for a control algorithm/mechanism to adjust the administration of drugs, e.g., auto-
matically or semiautomatically. As an example, a glucose sensor may be used to control and adjust the administration
of insulin from an external or implanted insulin pump.
[0250] Each of the various references, presentations, publications, provisional and/or non-provisional U.S. Patent
Applications, U.S. Patents, non-U.S. Patent Applications, and/or non-U.S. Patents that have been identified herein, is
incorporated herein by reference in its entirety.
[0251] Other embodiments and modifications within the scope of the present disclosure will be apparent to those
skilled in the relevant art. Various modifications, processes, as well as numerous structures to which the embodiments
of the subject matter of the present disclosure may be applicable will be readily apparent to those of skill in the art to
which the present disclosure is directed upon review of the specification. Various aspects and features of the present
disclosure may have been explained or described in relation to understandings, beliefs, theories, underlying assumptions,
and/or working or prophetic examples, although it will be understood that the present disclosure is not bound to any
particular understanding, belief, theory, underlying assumption, and/or working or prophetic example. Although various
aspects and features of the present disclosure may have been described largely with respect to applications, or more
specifically, medical applications, involving diabetic humans, it will be understood that such aspects and features also
relate to any of a variety of applications involving non-diabetic humans and any and all other animals. Further, although
various aspects and features of the present disclosure may have been described largely with respect to applications
involving partially implanted sensors, such as transcutaneous or subcutaneous sensors, it will be understood that such
aspects and features also relate to any of a variety of sensors that are suitable for use in connection with the body of
an animal or a human, such as those suitable for use as fully implanted in the body of an animal or a human. Finally,
although the various aspects and features of the present disclosure have been described with respect to various em-
bodiments and specific examples herein, all of which may be made or carried out conventionally, it will be understood
that the present disclosure is entitled to protection within the full scope of the appended claims.
[0252] The following examples are put forth so as to provide those of ordinary skill in the art with a complete disclosure
and description of how to make and use the embodiments of the present disclosure, and are not intended to limit the
scope of what the inventors regard as their invention nor are they intended to represent that the experiments below are
all or the only experiments performed. Efforts have been made to ensure accuracy with respect to numbers used (e.g.,
amounts, temperature, etc.) but some experimental errors and deviations should be accounted for. Unless indicated
otherwise, parts are parts by weight, molecular weight is weight average molecular weight, temperature is in degrees
Centigrade, and pressure is at or near atmospheric.
[0253] The temperature sensor may be internal or external to the on-body housing. The temperature sensor may also
sit above the skin, or be provided as an electrode running along the analyte sensor to be transcutaneously implanted
below the skin. The temperature sensor electrode would then be electrically coupled to a temperature measurement
circuit within the on-body housing. The temperature measurements may be transmitted to the blood glucose meter upon
request. For manufacturability and cost-effectiveness, particularly when the on-body housing is intended to be disposable,
it may be desirable to avoid the inclusion of a temperature sensor and/or control circuitry in the on-body housing. As
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such, in certain embodiments, there is provided reader (e.g., a blood glucose meter, or other hand-held measurement
or analysis instrument) with a temperature measurement sensor and control system. The temperature measurement
sensor may be provided on the permanent hand-held instrument to avoid disposing of the temperature measurement
components when the on-body housing is disposed.
[0254] The concentration of drugs, such as, for example, antibiotics (e.g., gentamicin, vancomycin, and the like),
digitoxin, digoxin, drugs of abuse, theophylline, and warfarin, may also be monitored. In those embodiments that monitor
more than one analyte, the analytes may be monitored at the same or different times. In certain embodiments, the
analyte sensor is a glucose sensor. In another embodiment, the analyte sensor is a ketone sensor

Example Embodiments

[0255] In some aspects of the present disclosure, methods of detecting and/or determining an analyte level by com-
pensating for ambient temperature using a single temperature sensor (e.g., coupled to an in vivo analyte sensor) are
provided that include receiving an analyte sensor signal (e.g., analyte sensor information, such as current, voltage, etc.)
derived from an in vivo analyte sensor; detecting a temperature measurement from a temperature sensor; determining,
with a processor, whether a threshold requirement is exceeded based on the temperature measurement; and determining,
with the processor, a temperature-compensated analyte sensor signal. When the threshold requirement is not exceeded,
the temperature-compensated analyte sensor signal is determined using the temperature measurement. Only when the
threshold requirement is exceeded, the temperature-compensated analyte sensor signal is determined using an ambient-
compensated temperature that is derived by compensating the temperature measurement for ambient temperature.
[0256] In certain embodiments, the processor is coupled to an on-body unit including the in vivo analyte sensor.
[0257] In certain embodiments, the processor is coupled to a receiver that communicates wired or wirelessly with an
on-body unit including the in vivo analyte sensor.
[0258] In certain embodiments, the temperature measurement is performed by an on-body unit including the in vivo
analyte sensor.
[0259] In certain embodiments, the temperature measurement is performed by a receiver that communicates wired
or wirelessly with an on-body unit including the in vivo analyte sensor.
[0260] In certain embodiments, the methods include determining an analyte level based on the temperature-compen-
sated analyte sensor signal.
[0261] In certain embodiments, the temperature sensor is coupled to an on-body unit including the in vivo analyte
sensor.
[0262] In certain embodiments, the temperature measurement represents skin temperature.
[0263] In certain embodiments, the ambient-compensated temperature is derived by adding a correction factor to the
temperature measurement.
[0264] In certain embodiments, the analyte is glucose.
[0265] In certain embodiments, the threshold requirement includes an upper threshold value, and adding a correction
factor decreases the temperature measurement when the upper threshold value is exceeded.
[0266] In certain embodiments, the threshold requirement includes a lower threshold value, and adding a correction
factor increases the temperature measurement when the lower threshold value is exceeded.
[0267] In certain embodiments, the threshold requirement includes an upper threshold value and a lower threshold
value, and adding a correction factor decreases the temperature measurement when the upper threshold value is
exceeded and increases the temperature measurement when the lower threshold value is exceeded.
[0268] In certain embodiments, the threshold requirement is exceeded when a value of the temperature measurement
exceeds the threshold requirement.
[0269] In certain embodiments, the threshold requirement is exceeded when a rate-of-change of the temperature
measurement exceeds the threshold requirement.
[0270] In certain embodiments, the methods include detecting a calibration temperature measured by the temperature
sensor when the on-body sensor is coupled to a body of a test subject; and determining, with a processor, a threshold
requirement based on the calibration temperature.
[0271] In certain embodiments, the threshold requirement includes a predetermined amount of deviation from the
calibration temperature.
[0272] In certain embodiments, the threshold requirement includes an amount of deviation from the calibration tem-
perature, and the amount of deviation is detected by monitoring changes during a period of time.
[0273] In certain embodiments, the calibration temperature is determined based on temperature measurements during
a period of time.
[0274] In certain embodiments, the threshold requirement is exceeded when a rate-of-change of the temperature
measurement exceeds the threshold requirement.
[0275] In certain embodiments, the processor determining the threshold requirement is coupled to an on-body unit
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including the in vivo analyte sensor.
[0276] In certain embodiments, the processor determining the threshold requirement is coupled to a receiver that
communicates wired or wirelessly with an on-body unit including the in vivo analyte sensor.
[0277] In some aspects of the present disclosure, analyte monitoring devices are provided. The analyte monitoring
devices include a housing; a processor coupled to the housing; and memory communicably coupled to the processor.
An in vivo analyte sensor is communicably coupled to the processor, and a temperature sensor is communicably coupled
to the processor. The memory includes instructions stored therein that, when executed by the processor, cause the
processor to receive an sensor signal from the in vivo analyte sensor; detecting a temperature measurement from the
temperature sensor; determine whether a threshold requirement is exceeded based on the temperature measurement;
and determine a temperature-compensated analyte sensor signal. When the threshold requirement is not exceeded,
the temperature-compensated analyte sensor signal is determined using the temperature measurement. Only when the
threshold requirement is exceeded, the temperature-compensated analyte sensor signal is determined using an ambient-
compensated temperature that is derived by compensating the temperature measurement for ambient temperature.
[0278] In certain embodiments, the temperature measurement represents skin temperature.
[0279] In certain embodiments, the ambient-compensated temperature is derived by adding a correction factor to the
temperature measurement.
[0280] In certain embodiments, the analyte is glucose.
[0281] In certain embodiments, the threshold requirement includes an upper threshold value, and adding a correction
factor decreases the temperature measurement when the upper threshold value is exceeded.
[0282] In certain embodiments, the threshold requirement includes a lower threshold value, and adding a correction
factor increases the temperature measurement when the lower threshold value is exceeded.
[0283] In certain embodiments, the threshold requirement includes an upper threshold value and a lower threshold
value, and adding a correction factor decreases the temperature measurement when the upper threshold value is
exceeded and increases the temperature measurement when the lower threshold value is exceeded.
[0284] In certain embodiments, the threshold requirement is exceeded when a value of the temperature measurement
exceeds the threshold requirement.
[0285] In certain embodiments, the threshold requirement is exceeded when a rate-of-change of the temperature
measurement exceeds the threshold requirement.
[0286] In certain embodiments, the memory includes instructions that, when executed by the processor, cause the
processor to detect a calibration temperature measured by the temperature sensor when the analyte monitoring device
is coupled to a body of a test subject; and determine a threshold requirement based on the calibration temperature.
[0287] In certain embodiments, the threshold requirement includes a predetermined amount of deviation from the
calibration temperature.
[0288] In certain embodiments, the threshold requirement includes an amount of deviation from the calibration tem-
perature, and the amount of deviation is detected by monitoring changes during a period of time.
[0289] In certain embodiments, the calibration temperature is determined based on temperature measurements during
a period of time.
[0290] In certain embodiments, the threshold requirement is exceeded when a rate-of-change of the temperature
measurement exceeds the threshold requirement.
[0291] In certain embodiments, the in vivo analyte sensor is coupled to the housing.
[0292] In certain embodiments, the temperature sensor is coupled to the housing.
[0293] In certain embodiments, the in vivo analyte sensor is coupled to an on-body unit, and the analyte monitoring
device receives wired or wireless communications from the on-body unit.
[0294] In certain embodiments, the temperature sensor is coupled to the housing.
[0295] In certain embodiments, the memory includes instructions that, when executed by the processor, cause the
processor to determine an analyte level based on the temperature-compensated analyte sensor signal.
[0296] In certain embodiments, the temperature measurement is performed by an on-body unit including the in vivo
analyte sensor and communicated to the analyte monitoring device.
[0297] In certain embodiments, the temperature measurement is performed by the analyte monitoring device.
[0298] In some aspects of the present disclosure, methods of compensating for ambient temperature using a single
temperature sensor are provided. The methods include detecting a temperature measurement from a temperature
sensor; and determining, with a processor, an ambient-compensated temperature from the temperature measurement
using an offset term.
[0299] In certain embodiments, the offset term is based on a predetermined core body temperature.
[0300] In certain embodiments, the temperature sensor is coupled to an on-body unit including an in vivo analyte sensor.
[0301] In certain embodiments, the temperature sensor protrudes from a skin-contacting surface of the on-body sensor,
and the temperature measurement represents skin temperature.
[0302] In certain embodiments, the methods include receiving a sensor signal from an in vivo analyte sensor; and
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determining, with a processor, a temperature-compensated analyte sensor signal with the ambient-compensated tem-
perature.
[0303] In certain embodiments, the processor that determines the ambient-compensated temperature is the same
processor as the processor that determines the temperature-compensated analyte sensor signal.
[0304] In certain embodiments, the processor that determines the ambient-compensated temperature and the proc-
essor that determines the temperature-compensated analyte sensor signal are coupled to a receiver that communicates
wired or wirelessly with an on-body unit including the in vivo analyte sensor.
[0305] In certain embodiments, the processor that determines the ambient-compensated temperature and the proc-
essor that determines the temperature-compensated analyte sensor signal are coupled to an on-body unit including the
in vivo analyte sensor.
[0306] In certain embodiments, the processor that determines the ambient-compensated temperature is coupled to
an on-body unit including the in vivo analyte sensor, and the processor that determines the temperature-compensated
analyte sensor signal is coupled to a receiver that communicates wired or wirelessly with the on-body unit.
[0307] In certain embodiments, the methods include determining an analyte level based on the temperature-compen-
sated analyte sensor signal.
[0308] In certain embodiments, the temperature measurement is performed by an on-body unit including the in vivo
analyte sensor.
[0309] In certain embodiments, the temperature measurement is performed by a receiver that communicates wired
or wirelessly with an on-body unit including the in vivo analyte sensor.
[0310] In certain embodiments, the temperature sensor is disposed on a printed circuit board of the on-body sensor.
[0311] In certain embodiments, the predetermined core body temperature is between 36 °C and 38 °C.
[0312] In certain embodiments, the predetermined core body temperature is approximately 37 °C.
[0313] In some aspects of the present disclosure, analyte monitoring devices are provided. The analyte monitoring
devices include a housing; a processor coupled to the housing; and memory communicably coupled to the processor.
An in vivo analyte sensor is communicably coupled to the processor, and a temperature sensor is communicably coupled
to the processor. The memory includes instructions stored therein that, when executed by the processor, cause the
processor to detect a temperature measurement from the temperature sensor; and determine an ambient-compensated
temperature from the temperature measurement using an offset term.
[0314] In certain embodiments, the offset term is based on a predetermined core body temperature.
[0315] In certain embodiments, the temperature sensor protrudes from a skin-contacting surface of the housing, and
the temperature measurement represents skin temperature.
[0316] In certain embodiments, the memory includes instructions that, when executed by the processor, cause the
processor to receive a sensor signal from the in vivo analyte sensor; and determine a temperature-compensated analyte
sensor signal with the ambient-compensated temperature.
[0317] In certain embodiments, the memory includes instructions that, when executed by the processor, cause the
processor to determine an analyte level based on the temperature-compensated analyte sensor signal.
[0318] In certain embodiments, the in vivo analyte sensor is coupled to the housing.
[0319] In certain embodiments, the temperature sensor is coupled to the housing.
[0320] In certain embodiments, the in vivo analyte sensor is coupled to an on-body unit, and the analyte monitoring
device receives wired or wireless communications from the on-body unit.
[0321] In certain embodiments, the temperature sensor is coupled to the housing.
[0322] In certain embodiments, the temperature measurement is performed by an on-body unit including the in vivo
analyte sensor and communicated to the analyte monitoring device.
[0323] In certain embodiments, the temperature measurement is performed by the analyte monitoring device.
[0324] In certain embodiments, the temperature sensor is coupled to an on-body unit including the in vivo analyte
sensor.
[0325] In certain embodiments, the temperature sensor is disposed on a printed circuit board coupled to the housing.
[0326] In certain embodiments, the predetermined core body temperature is between 36 °C and 38 °C.
[0327] In certain embodiments, the predetermined core body temperature is approximately 37 °C.
[0328] In some aspects of the present disclosure, methods of compensating for ambient temperature using temperature
sensors are provided. The methods include sampling at a first sampling rate, with a processor, first temperature meas-
urements from a first temperature sensor on an on-body sensor; determining, with a processor, first ambient-compensated
temperatures from the first temperature measurements; and determining, with a processor, final ambient-compensated
temperatures by applying a correction gain or factor to the first ambient-compensated temperatures. The correction gain
or factor changes value at a slower rate than the sampling rate.
[0329] In certain embodiments, the processor sampling first temperatures at a first sampling rate, the processor de-
termining first ambient-compensated temperatures, and the processor determining final ambient compensated temper-
atures are the same processor.
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[0330] In certain embodiments, the sampling of first temperatures at a first sampling rate, the determining of first
ambient-compensated temperatures, and the determining of final ambient compensated temperatures are performed
by an on-body unit including an in vivo analyte sensor.
[0331] In certain embodiments, the sampling of first temperatures at a first sampling rate, the determining of first
ambient-compensated temperatures, and the determining of final ambient compensated temperatures are performed
by a receiver that communicates with an on-body unit including an in vivo analyte sensor.
[0332] In certain embodiments, one or more of the processor sampling first temperatures at a first sampling rate, the
processor determining first ambient-compensated temperatures, and the processor determining final ambient compen-
sated temperatures are different processors.
[0333] In certain embodiments, the sampling of first temperatures at a first sampling rate, the determining of first
ambient-compensated temperatures, and the determining of final ambient compensated temperatures are each per-
formed by either a processor coupled to an on-body unit including an in vivo analyte sensor or by a processor coupled
to a receiver that communicates with the on-body unit.
[0334] In certain embodiments, the correction gain is applied to the first ambient-compensated temperatures.
[0335] In certain embodiments, the methods include sampling at the first sampling rate, with a processor, second
temperature measurements from a second temperature sensor on the on-body sensor; and determining, with a processor,
second ambient-compensated temperatures with the second temperature measurements. The correction gain is calcu-
lated by performing a moving average between first ambient-compensated temperatures and second ambient-compen-
sated temperatures, such that the correction gain is based on a set of recent pairs of first ambient-compensated tem-
peratures and second ambient-compensated temperatures.
[0336] In certain embodiments, the processor sampling first temperatures at a first sampling rate, the processor de-
termining first ambient-compensated temperatures, the processor determining final ambient compensated temperatures,
the processor sampling second temperatures at the first sampling rate, and the processor determining the second
ambient-compensated temperature are the same processor.
[0337] In certain embodiments, the sampling of first temperatures at a first rate, the determining of first ambient-
compensated temperatures, the determining of final ambient compensated temperatures, the determining of final ambient
compensated temperatures, the sampling of second temperatures at the first sampling rate, and the determining of the
second ambient-compensated temperature are performed an on-body unit including an in vivo analyte sensor.
[0338] In certain embodiments, the sampling of first temperatures at a first rate, the determining of first ambient-
compensated temperatures, the determining of final ambient compensated temperatures, the determining of final ambient
compensated temperatures, the sampling of second temperatures at the first sampling rate, and the determining of the
second ambient-compensated temperature are performed by a receiver that communicates with an on-body unit including
an in vivo analyte sensor.
[0339] In certain embodiments, one or more of the processor sampling first temperatures at a first sampling rate, the
processor determining first ambient-compensated temperatures, the processor determining final ambient compensated
temperatures, the processor sampling second temperatures at the first sampling rate, and the processor determining
the second ambient-compensated temperature are different processors.
[0340] In certain embodiments, the sampling of first temperatures at a first rate, the determining of first ambient-
compensated temperatures, the determining of final ambient compensated temperatures, the determining of final ambient
compensated temperatures, the sampling of second temperatures at the first sampling rate, and the determining of the
second ambient-compensated temperature are each performed by either a processor coupled to an on-body unit including
an in vivo analyte sensor or by a processor coupled to a receiver that communicates with the on-body unit.
[0341] In certain embodiments, the correction gain is calculated using parameter adaptation.
[0342] In certain embodiments, the parameter adaptation is MIT adaptation.
[0343] In certain embodiments, the correction factor is applied to the first ambient-compensated temperatures.
[0344] In certain embodiments, the methods include sampling at the first sampling rate, with a processor, second
temperatures measured from a second temperature sensor on the on-body sensor; and determining, with a processor,
second ambient-compensated temperatures with the second temperature measurements. The correction factor is cal-
culated by performing windowed comparisons between the first ambient-compensated temperatures and the second
ambient-compensated temperatures, such that the correction factor is based on a set of recent pairs of first ambient-
compensated temperatures and second ambient-compensated temperatures.
[0345] In certain embodiments, the processor sampling first temperatures at a first sampling rate, the processor de-
termining first ambient-compensated temperatures, the processor determining final ambient compensated temperatures,
the processor sampling second temperatures at the first sampling rate, and the processor determining the second
ambient-compensated temperature are the same processor.
[0346] In certain embodiments, the sampling of first temperatures at a first rate, the determining of first ambient-
compensated temperatures, the determining of final ambient compensated temperatures, the determining of final ambient
compensated temperatures, the sampling of second temperatures at the first sampling rate, and the determining of the
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second ambient-compensated temperature are performed an on-body unit including an in vivo analyte sensor.
[0347] In certain embodiments, the sampling of first temperatures at a first rate, the determining of first ambient-
compensated temperatures, the determining of final ambient compensated temperatures, the determining of final ambient
compensated temperatures, the sampling of second temperatures at the first sampling rate, and the determining of the
second ambient-compensated temperature are performed by a receiver that communicates with an on-body unit including
an in vivo analyte sensor.
[0348] In certain embodiments, one or more of the processor sampling first temperatures at a first sampling rate, the
processor determining first ambient-compensated temperatures, the processor determining final ambient compensated
temperatures, the processor sampling second temperatures at the first sampling rate, and the processor determining
the second ambient-compensated temperature are different processors.
[0349] In certain embodiments, the sampling of first temperatures at a first rate, the determining of first ambient-
compensated temperatures, the determining of final ambient compensated temperatures, the determining of final ambient
compensated temperatures, the sampling of second temperatures at the first sampling rate, and the determining of the
second ambient-compensated temperature are each performed by either a processor coupled to an on-body unit including
an in vivo analyte sensor or by a processor coupled to a receiver that communicates with the on-body unit.
[0350] In some aspects of the present disclosure analyte monitoring device are provided. The analyte monitoring
device include a housing; a processor coupled to the housing; and memory communicably coupled to the processor.
An in vivo analyte sensor is communicably coupled to the processor, and a first temperature sensor and second tem-
perature sensor are communicably coupled to the processor. The memory includes instructions stored therein that, when
executed by the processor, cause the processor to sample at a first sampling rate, with a processor, first temperatures
measured from a first temperature sensor on the housing; determine first ambient-compensated temperatures from the
first temperature measurements; and determine final ambient-compensated temperatures by applying a correction gain
or factor to the first ambient-compensated temperatures. The correction gain or factor changes value at a slower rate
than the sampling rate.
[0351] In certain embodiments, the in vivo analyte sensor is coupled to the housing.
[0352] In certain embodiments, the first temperature sensor and/or second temperature sensor is coupled to the
housing.
[0353] In certain embodiments, the in vivo analyte sensor is coupled to an on-body unit, and the analyte monitoring
device receives wired or wireless communications from the on-body unit.
[0354] In certain embodiments, the first temperature sensor and/or second temperature sensor is coupled to the
housing.
[0355] In certain embodiments, the first temperature measurement and/or second temperature measurement is per-
formed by an on-body unit including the in vivo analyte sensor and communicated to the analyte monitoring device.
[0356] In certain embodiments, the first temperature measurement and/or second temperature measurement is per-
formed by the analyte monitoring device.
[0357] In certain embodiments, the correction gain is applied to the first ambient-compensated temperatures.
[0358] In certain embodiments, the memory includes instructions that, when executed by the processor, cause the
processor to sample at the first sampling rate second temperatures measured from a second temperature sensor on
the housing; and determine second ambient-compensated temperatures with the second temperature measurements.
The correction gain is calculated by performing a moving average between first ambient-compensated temperatures
and second ambient-compensated temperatures, such that the correction gain is based on a set of recent pairs of first
ambient-compensated temperatures and second ambient-compensated temperatures.
[0359] In certain embodiments, the in vivo analyte sensor is coupled to the housing.
[0360] In certain embodiments, the first temperature sensor and/or second temperature sensor is coupled to the
housing.
[0361] In certain embodiments, the in vivo analyte sensor is coupled to an on-body unit, and the analyte monitoring
device receives wired or wireless communications from the on-body unit.
[0362] In certain embodiments, the first temperature sensor and/or second temperature sensor is coupled to the
housing.
[0363] In certain embodiments, the first temperature measurement and/or second temperature measurement is per-
formed by an on-body unit including the in vivo analyte sensor and communicated to the analyte monitoring device.
[0364] In certain embodiments, the first temperature measurement and/or the second temperature measurement is
performed by the analyte monitoring device.
[0365] In certain embodiments, the correction gain is calculated using parameter adaptation.
[0366] In certain embodiments, the correction gain is calculated using MIT adaptation.
[0367] In certain embodiments, the correction factor is applied to the first ambient-compensated temperatures.
[0368] In certain embodiments, the memory includes instructions that, when executed by the processor, cause the
processor to sample at the first sampling rate second temperatures measured from a second temperature sensor on
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the housing; and determine second ambient-compensated temperatures with the second temperature measurements.
The correction factor is calculated by performing windowed comparisons between the first ambient-compensated tem-
peratures and the second ambient-compensated temperatures, such that the correction factor is based on a set of recent
pairs of first ambient-compensated temperatures and second ambient-compensated temperatures.
[0369] In certain embodiments, the first temperature sensor is disposed at a skin-contacting surface of the housing
and the second temperature sensor is disposed on a printed circuit board coupled to the housing.
[0370] In certain embodiments, the memory includes instructions that, when executed by the processor, cause the
processor to receive a sensor signal from the in vivo analyte sensor; and determine a temperature-compensated analyte
sensor signal with the ambient-compensated temperature.
[0371] In certain embodiments, the memory includes instructions that, when executed by the processor, cause the
processor to determine, with the processor, an analyte level based on the temperature-compensated analyte sensor
signal.
[0372] In certain embodiments, the in vivo analyte sensor is coupled to the housing.
[0373] In certain embodiments, the first temperature sensor and/or second temperature sensor is coupled to the
housing.
[0374] In certain embodiments, the in vivo analyte sensor is coupled to an on-body unit, and the analyte monitoring
device receives wired or wireless communications from the on-body unit.
[0375] In certain embodiments, the first temperature sensor is disposed at a skin-contacting surface of the housing
and the second temperature sensor is disposed on a printed circuit board on the housing.
[0376] In some aspects of the present disclosure, in vivo analyte sensors are provided. The in vivo analyte sensors
include a substrate layer; an electrode layer disposed on the substrate layer; and a temperature sensing element disposed
on the substrate layer, the temperature sensing element providing a signal for determining temperature adjacent the
sensing area. The electrode layer includes a sensing area,
[0377] In certain embodiments, the temperature sensing element is a thermistor.
[0378] In certain embodiments, the temperature sensing element is a resistance temperature detector (RTD).
[0379] In certain embodiments, the electrode layer includes a plurality of electrodes, and one electrode of the plurality
of electrodes is the temperature sensing element.
[0380] In certain embodiments, the plurality of electrodes includes a working electrode, reference, electrode, and a
counter electrode, and the temperature sensing element is the counter electrode and includes two contact points for
electric coupling to a current providing circuit.
[0381] In certain embodiments, the temperature sensing element extends back and forth a plurality of times.
[0382] In certain embodiments, the temperature sensing element includes two traces of dissimilar metals that join at
a junction adjacent the sensing area.
[0383] In certain embodiments, the two dissimilar metals are gold, silver, carbon, titanium, or an alloy thereof.
[0384] In certain embodiments, the two traces are on a same side of the substrate layer as the electrode layer.
[0385] In certain embodiments, the two traces are on an opposite side of the substrate layer as the electrode layer.
[0386] In certain embodiments, the junction is directly opposite the sensing area.
[0387] In certain embodiments, each of the two traces are on a different side of the substrate layer from one another,
and a through-hole is used to join the two traces.
[0388] In certain embodiments, the two traces are conductive ink.
[0389] In certain embodiments, the temperature sensing element is a pyro-electric sensor.
[0390] In certain embodiments, the temperature sensing element is a semiconductor sensor.
[0391] In certain embodiments, the temperature sensing element includes a second sensing area and a analyte
reservoir, the analyte reservoir includes a known volume of analyte at a known concentration.
[0392] In certain embodiments, the secondary sensing area is isolated and the reservoir lasts for the life of the sensor.
[0393] In certain embodiments, the analyte sensors include a membrane between the second sensing area and the
reservoir.
[0394] In certain embodiments, the analyte sensors include a temporary barrier between the second sensing area
and the reservoir that ceases to separate the second sensing area and the reservoir when the analyte sensor is positioned
in vivo.
[0395] In some aspects of the present disclosure, analyte monitoring devices are provided that include a housing;
electronic circuitry coupled to the housing, the electronic circuitry including a processor; and an in vivo analyte sensor
electrically coupled to the electronic circuitry and extending from the housing. The in vivo analyte sensor include a
substrate layer; an electrode layer disposed on the substrate layer; and a temperature sensing element disposed on the
substrate layer, the temperature sensing element providing a signal for determining temperature adjacent a sensing area.
[0396] In certain embodiments, the temperature sensing element is a thermistor.
[0397] In certain embodiments, the temperature sensing element is a resistance temperature detector (RTD).
[0398] In certain embodiments, the electrode layer includes a plurality of electrodes, and one electrode of the plurality
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of electrodes is the temperature sensing element.
[0399] In certain embodiments, the plurality of electrodes includes a working electrode, reference, electrode, and a
counter electrode, and the temperature sensing element is the counter electrode and includes two electrical contacts
for electric coupling to a current providing circuit.
[0400] In certain embodiments, the temperature sensing element extends back and forth a plurality of times.
[0401] In certain embodiments, the electronic circuitry includes a working electrode contact that electrically couple to
the working electrode, a reference electrode contact that electrically couple to the reference electrode, and two counter
electrode contacts that electrically couple to the two electrical contacts of the temperature sensing element and supply
the temperature sensing element with current.
[0402] In certain embodiments, the electronic circuitry includes two electrode contacts that electrically couple to two
electrical contacts of the temperature sensing element and supply the temperature sensing element with current.
[0403] In certain embodiments, the temperature sensing element includes two traces of dissimilar metals that join at
a junction adjacent the sensing area.
[0404] In certain embodiments, the two dissimilar metals are gold, silver, carbon, titanium, or an alloy thereof.
[0405] In certain embodiments, the two traces are on a same side of the substrate layer as the electrode layer.
[0406] In certain embodiments, the two traces are on an opposite side of the substrate layer as the electrode layer.
[0407] In certain embodiments, the junction is directly opposite the sensing area.
[0408] In certain embodiments, each of the two traces are on a different side of the substrate layer from one another,
and a through-hole is used to join the two traces.
[0409] In certain embodiments, the two traces are conductive ink.
[0410] In certain embodiments, the temperature sensing element is a pyro-electric sensor.
[0411] In certain embodiments, the temperature sensing element is a semiconductor sensor.
[0412] In certain embodiments, the temperature sensing element includes a second sensing area and a analyte
reservoir, the analyte reservoir includes a known volume of analyte at a known concentration.
[0413] In certain embodiments, the secondary sensing area is isolated and the reservoir lasts for the life of the analyte
sensor.
[0414] In certain embodiments, the analyte sensors include a membrane between the second sensing area and the
reservoir.
[0415] In certain embodiments, the analyte sensors include a temporary barrier between the second sensing area
and the reservoir that ceases to separate the second sensing area and the reservoir when the analyte sensor is positioned
in vivo.
[0416] In some aspects of the present disclosure, analyte sensor devices are provided that include a body including
an elongated member having a central tunnel that inserts into skin of a subject; electrodes disposed on the body; and
a temperature sensor coupled to the body. The body is adapted to couple to the skin of the subject.
[0417] In certain embodiments, the temperature sensor is disposed within the central tunnel and adapted to pierce
the skin of the patient, and the electrodes disposed on the outside of the body.
[0418] In certain embodiments, the temperature sensor is softened by exposure to body fluids.
[0419] In certain embodiments, the central tunnel is for insulin delivery.
[0420] In certain embodiments, the electrodes include wires disposed on the body, and the temperature sensor includes
a thermocouple wire disposed on the body.
[0421] In certain embodiments, the analyte sensor device includes a housing adapted to couple to an insulin delivery
tube and insulin pump; and electronic circuitry coupled to the housing, the electronic circuitry including a processor for
determining analyte levels.
[0422] In some aspects of the present disclosure, methods are provided that include coupling an analyte sensor device
to a skin of a subject and inserting a temperature sensor within the skin of the subject. The temperature sensor is
disposed within the central tunnel. The sensor coupling device includes a body including an elongated member having
a central tunnel that inserts into the skin of a subject, and electrodes disposed on the body. The body is adapted to
couple to the skin of the subject.
[0423] In certain embodiments, before the temperature sensor is inserted within the skin of the subject, the methods
include piercing the skin of the subject with a needle disposed within the central tunnel; removing the needle from the
central tunnel; and inserting the temperature sensor within the central tunnel.
[0424] In certain embodiments, the methods include determining an analyte level based on a sensor signal from the
electrodes that has been compensated for temperature from the temperature sensor.
[0425] In certain embodiments, the temperature sensor is adapted to pierce the skin of the subject.
[0426] In certain embodiments, the temperature sensor is softened by exposure to body fluids.
[0427] In some aspects of the present disclosure, methods are provided that include receiving a first sensor signal
from a first electrode on an in vivo analyte sensor on an on-body sensor; receiving a second sensor signal from a second
electrode on the in vivo analyte sensor, and determining, with a processor, a compensated temperature at the two
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working electrodes based on the difference between the temperature dependencies for the different sensing chemistries
on the two working electrodes. The first electrode and second electrode include different sensing chemistries with different
temperature dependencies.
[0428] In certain embodiments, the temperature is determined based on a ratio of the first sensor signal and the second
sensor signal.
[0429] In certain embodiments, the temperature is determined based on a predetermined temperature, sensor areas,
quantity of sensing materials, and efficiencies of the sensing chemistries, and diffusion controlling membrane.
[0430] In certain embodiments, the methods include determining, with a processor, a temperature-compensated an-
alyte sensor signal with the compensated temperature.
[0431] In certain embodiments, the processor that determines the compensated temperature is the same processor
as the processor that determines the temperature-compensated analyte sensor signal.
[0432] In certain embodiments, the processor that determines the compensated temperature and the processor that
determines the temperature-compensated analyte sensor signal are coupled to a receiver that communicates wired or
wirelessly with an on-body unit including the in vivo analyte sensor.
[0433] In certain embodiments, the processor that determines the compensated temperature and the processor that
determines the temperature-compensated analyte sensor signal are coupled to an on-body unit including the in vivo
analyte sensor.
[0434] In certain embodiments, the processor that determines the compensated temperature is coupled to an on-body
unit including the in vivo analyte sensor, and the processor that determines the temperature-compensated analyte sensor
signal is coupled to a receiver that communicates wired or wirelessly with the on-body unit.
[0435] In certain embodiments, the methods include determining an analyte level based on the temperature-compen-
sated analyte sensor signal.
[0436] In certain embodiments, the temperature-compensated analyte sensor signal is determined with the first sensor
signal and not the second sensor signal.
[0437] In certain embodiments, the temperature-compensated analyte sensor signal is determined with the second
sensor signal and not the first sensor signal.
[0438] In certain embodiments, the temperature-compensated analyte sensor signal is determined with both the first
sensor signal and the second sensor signal.
[0439] In certain embodiments, the first electrode includes a first plurality of sensing elements on the in vivo analyte
sensor and the second electrode includes a second plurality of sensing elements disposed on the in vivo analyte sensor.
[0440] In some aspects of the present disclosure, analyte monitoring devices are provided that include a housing; a
processor coupled to the housing; and memory communicably coupled to the processor. An in vivo analyte sensor is
communicably coupled to the processor, and the in vivo analyte sensor includes two working electrodes. The memory
includes instructions stored therein that, when executed by the processor, cause the processor to detect a first sensor
signal from a first electrode on the in vivo analyte sensor; detect a second sensor signal from a second electrode on the
in vivo analyte sensor; and determine a compensated temperature at the two working electrodes based on the difference
between the temperature dependencies for the different sensing chemistries on the two working electrodes. The first
electrode and second electrode include different sensing chemistries with different temperature dependencies.
[0441] In certain embodiments, the in vivo analyte sensor is coupled to the housing.
[0442] In certain embodiments, the compensated temperature is determined by the analyte monitoring device.
[0443] In certain embodiments, the in vivo analyte sensor is coupled to an on-body unit, and the analyte monitoring
device receives wired or wireless communications from the on-body unit.
[0444] In certain embodiments, the memory includes instructions that, when executed by the processor, cause the
processor to determine an analyte level based on the temperature-compensated analyte sensor signal.
[0445] In certain embodiments, the compensated temperature is determined by an on-body unit including the in vivo
analyte sensor and communicated to the analyte monitoring device.
[0446] In certain embodiments, the temperature is determined based on a ratio of the first sensor signal and the second
sensor signal,
[0447] In certain embodiments, the temperature is determined based on a predetermined temperature, sensor areas,
quantity of sensing materials, and efficiencies of the sensing chemistries, and diffusion controlling membrane.
[0448] In certain embodiments, the memory includes instructions stored therein that, when executed by the processor,
cause the processor to determining a temperature-compensated analyte sensor signal with the compensated temper-
ature.
[0449] In certain embodiments, the in vivo analyte sensor is coupled to the housing.
[0450] In certain embodiments, the compensated temperature is determined by the analyte monitoring device.
[0451] In certain embodiments, the in vivo analyte sensor is coupled to an on-body unit, and the analyte monitoring
device receives wired or wireless communications from the on-body unit.
[0452] In certain embodiments, the memory includes instructions that, when executed by the processor, cause the
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processor to determine an analyte level based on the temperature-compensated analyte sensor signal.
[0453] In certain embodiments, the compensated temperature is determined by an on-body unit including the in vivo
analyte sensor and communicated to the analyte monitoring device.
[0454] In certain embodiments, the temperature-compensated analyte sensor signal is determined with the first sensor
signal and not the second sensor signal.
[0455] In certain embodiments, the temperature-compensated analyte sensor signal is determined with the second
sensor signal and not the first sensor signal.
[0456] In certain embodiments, the temperature-compensated analyte sensor signal is determined with both the first
sensor signal and the second sensor signal.
[0457] In certain embodiments, the first electrode includes a first plurality of sensing elements on the in vivo analyte
sensor and the second electrode includes a second plurality of sensing elements disposed on the in vivo analyte sensor.
[0458] In some aspects of the present disclosure, analyte monitoring systems are provided that include an on-body
unit and receiver. The on-body includes a first processor and first memory communicably coupled to the first processor;
an in vivo analyte sensor communicably coupled to the first processor; and a temperature sensor communicably coupled
to the first processor. The receiver is configured to communicate with the on-body unit and includes a second processor
and second memory communicably coupled to the second processor. At least one of the first and second memory
includes instructions stored therein that, when executed by at least one of the first and second processors, cause the
at least one first and second processors to receive a sensor signal from the in vivo analyte sensor; detect a temperature
measurement from the temperature sensor; determine whether a threshold requirement is exceeded based on the
temperature measurement; and determine a temperature-compensated analyte sensor signal. When the threshold re-
quirement is not exceeded, the temperature-compensated analyte sensor signal is determined using the temperature
measurement. Only when the threshold requirement is exceeded, the temperature-compensated analyte sensor signal
is determined using an ambient-compensated temperature that is derived by compensating the temperature measure-
ment for ambient temperature.
[0459] It should be appreciated that the steps may be performed in various combinations by the processor on the on-
body unit and the receiver in communication with the on-body unit in different embodiments. For example, in certain
embodiments, the temperature sensor is coupled to the on-body unit and a processor on the on-body unit is detecting
the temperature measurement, determining whether the threshold requirement is met, performing the ambient temper-
ature compensation, and determining the temperature-compensated signal. Then, for example, the temperature-com-
pensated signal is sent to a receiver wherein the temperature-compensated analyte level is displayed on a user-interface
of the receiver for instance. In another embodiment, for example, the temperature sensor is coupled to the on-body unit
and a processor on the on-body unit transmits the temperature measurements to the receiver where a processor coupled
to the receiver determines whether the threshold requirement is met, performs the ambient temperature compensation,
and determines the temperature-compensated signal. Then, for example, the temperature-compensated analyte level
is displayed on a user-interface of the receiver for instance. It should be appreciated that the steps may be split up in
other combinations between the on-body unit and the receiver.
[0460] In certain embodiments, the temperature measurement represents skin temperature.
[0461] In certain embodiments, the ambient-compensated temperature is derived by adding a correction factor to the
temperature measurement.
[0462] In certain embodiments, the analyte is glucose.
[0463] In certain embodiments, the threshold requirement includes an upper threshold value, and wherein adding a
correction factor decreases the temperature measurement when the upper threshold value is exceeded.
[0464] In certain embodiments, the threshold requirement includes a lower threshold value, and wherein adding a
correction factor increases the temperature measurement when the lower threshold value is exceeded.
[0465] In certain embodiments, the threshold requirement includes an upper threshold value and a lower threshold
value, and wherein adding a correction factor decreases the temperature measurement when the upper threshold value
is exceeded and increases the temperature measurement when the lower threshold value is exceeded.
[0466] In certain embodiments, the threshold requirement is exceeded when a value of the temperature measurement
exceeds the threshold requirement.
[0467] In certain embodiments, the threshold requirement is exceeded when a rate-of-change of the temperature
measurement exceeds the threshold requirement.
[0468] In certain embodiments, the at least one memory includes instructions that, when executed by the at least one
first and second processor, cause the at least one first and second processor to detect a calibration temperature measured
by the temperature sensor when the on-body unit is coupled to a body of a test subject; and determine a threshold
requirement based on the calibration temperature.
[0469] In certain embodiments, the threshold requirement includes a predetermined amount of deviation from the
calibration temperature.
[0470] In certain embodiments, the threshold requirement includes an amount of deviation from the calibration tem-
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perature, and wherein the amount of deviation is detected by monitoring changes during a period of time.
[0471] In certain embodiments, the calibration temperature is determined based on temperature measurements during
a period of time.
[0472] In certain embodiments, the threshold requirement is exceeded when a rate-of-change of the temperature
measurement exceeds the threshold requirement.
[0473] In certain embodiments, the at least one memory includes instructions that, when executed by the at least one
first and second processor, cause the at least one first and second processor to determine an analyte level based on
the temperature-compensated analyte sensor signal.
[0474] In certain embodiments, the temperature measurement is performed by the on-body unit and communicated
to the receiver.
[0475] In certain embodiments, the temperature measurement is performed by the receiver.
[0476] In some aspects of the present disclosure, analyte monitoring systems are provided that include an on-body
unit and receiver. The on-body includes a first processor and first memory communicably coupled to the first processor;
an in vivo analyte sensor communicably coupled to the first processor; and a temperature sensor communicably coupled
to the first processor. The receiver is configured to communicate with the on-body unit and includes a second processor
and second memory communicably coupled to the second processor. At least one of the first and second memory
includes instructions stored therein that, when executed by at least one of the first and second processors, cause the
at least one first and second processors to detect a temperature measurement from the temperature sensor; and de-
termine an ambient-compensated temperature from the temperature measurement using an offset term.
[0477] It should be appreciated that the steps may be performed in various combinations by the processor on the on-
body unit and the receiver in communication with the on-body unit in different embodiments. For example, in certain
embodiments, the temperature sensor is coupled to the on-body unit and a processor on the on-body unit detects the
temperature measurement, determines an ambient-compensated temperature from the measured temperature using
an offset term, and determines the temperature-compensated signal. Then, for example, the temperature-compensated
signal is sent to a receiver wherein the temperature-compensated analyte level is displayed on a user-interface of the
receiver for instance. In another embodiment, for example, the temperature sensor is coupled to the on-body unit and
a processor on the on-body unit transmits the temperature measurements to the receiver where a processor coupled
to the receiver determines an ambient-compensated temperature from the measured temperature using an offset term,
and determines the temperature-compensated signal. Then, for example, the temperature-compensated analyte level
is displayed on a user-interface of the receiver for instance. It should be appreciated that in other embodiments, the
steps may be split up in other combinations between the on-body unit and the receiver.
[0478] In certain embodiments, the temperature sensor protrudes from a skin-contacting surface of the on-body unit,
and wherein the temperature measurement represents skin temperature.
[0479] In certain embodiments, the at least one memory includes instructions that, when executed by the at least one
first and second processor, cause the at least one first and second processor to receive a sensor signal from the in vivo
analyte sensor; and determine a temperature-compensated analyte sensor signal with the ambient-compensated tem-
perature.
[0480] In certain embodiments, the at least one memory includes instructions that, when executed by the at least one
first and second processor, cause the at least one first and second processor to determine an analyte level based on
the temperature-compensated analyte sensor signal.
[0481] In certain embodiments, the temperature measurement is performed by an on-body unit and communicated to
the receiver.
[0482] In certain embodiments, the offset term that is based on a predetermined core body temperature.
[0483] In certain embodiments, the temperature sensor is disposed on a printed circuit board coupled to the on-body
unit.
[0484] In certain embodiments, the offset term that is based on a predetermined core body temperature, and wherein
the predetermined core body temperature is between 36 °C and 38 °C.
[0485] In certain embodiments, the offset term that is based on a predetermined core body temperature, and wherein
the predetermined core body temperature is approximately 37 °C.
[0486] In some aspects of the present disclosure, analyte monitoring systems are provided that include an on-body
unit and receiver. The on-body includes a first processor and first memory communicably coupled to the first processor;
an in vivo analyte sensor communicably coupled to the first processor; and a first temperature sensor and second
temperature sensor communicably coupled to the first processor. The receiver is configured to communicate with the
on-body unit and includes a second processor and second memory communicably coupled to the second processor. At
least one of the first and second memory includes instructions stored therein that, when executed by at least one of the
first and second processors, cause the at least one first and second processors to sample, at a first sampling rate, first
temperatures measured from a first temperature sensor; determine first ambient-compensated temperatures from the
first temperature measurements; and determine final ambient-compensated temperatures by applying a correction gain
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or factor to the first ambient-compensated temperatures. The correction gain or factor changes value at a slower rate
than the sampling rate.
[0487] It should be appreciated that the steps may be performed in various combinations by the processor on the on-
body unit and the receiver in communication with the on-body unit in different embodiments. For example, in certain
embodiments, the temperature sensors are coupled to the on-body unit and a processor on the on-body unit samples
the temperatures sensors, determines the ambient-compensated temperature from the one-temperature sensor model
and two-temperature sensor model, determines the correction factor or gain, determines the final ambient-compensated
temperatures. The processor on the on-body unit may then, for example, either determine the temperature-compensated
signal, or transmit the final ambient-compensated signal to a receiver having a processor that determines the temperature
compensated signal and presents the corresponding analyte level on a user interface. It should be appreciated that the
steps may be split up in other combinations between the on-body unit and the receiver in other embodiments. For
example, in other embodiments, one or more of the steps in determining the ambient-compensated signal and/or final
ambient compensated signal may be performed by the receiver.
[0488] In certain embodiments, the first temperature measurement and/or second temperature measurement is per-
formed by the on-body unit and communicated to the receiver.
[0489] In certain embodiments, the first temperature measurement and/or second temperature measurement is per-
formed by the receiver.
[0490] In certain embodiments, the correction gain is applied to the first ambient-compensated temperatures.
[0491] In certain embodiments, the at least one memory includes instructions that, when executed by the at least one
first and second processor, cause the at least one first and second processor to sample at the first sampling rate second
temperatures measured from a second temperature sensor; and determine second ambient-compensated temperatures
with the second temperature measurements. The correction gain is calculated by performing a moving average between
first ambient-compensated temperatures and second ambient-compensated temperatures, such that the correction gain
is based on a set of recent pairs of first ambient-compensated temperatures and second ambient-compensated tem-
peratures.
[0492] In certain embodiments, the first temperature measurement and/or second temperature measurement is per-
formed by the on-body unit and communicated to the receiver.
[0493] In certain embodiments, the first temperature measurement and/or the second temperature measurement is
performed by the receiver.
[0494] In certain embodiments, the correction gain is calculated using parameter adaptation.
[0495] In certain embodiments, the correction gain is calculated using MIT adaptation.
[0496] In certain embodiments, the correction factor is applied to the first ambient-compensated temperatures.
[0497] In certain embodiments, the at least one memory includes instructions that, when executed by the at least one
first and second processor, cause the at least one first and second processor to sample at the first sampling rate second
temperatures measured from a second temperature sensor; and determine second ambient-compensated temperatures
with the second temperature measurements. The correction factor is calculated by performing windowed comparisons
between the first ambient-compensated temperatures and the second ambient-compensated temperatures, such that
the correction factor is based on a set of recent pairs of first ambient-compensated temperatures and second ambient-
compensated temperatures.
[0498] In certain embodiments, the first temperature sensor is disposed at a skin-contacting surface of the on-body
unit and the second temperature sensor is disposed on a printed circuit board of the on-body unit.
[0499] In certain embodiments, the at least one memory includes instructions that, when executed by the at least one
first and second processor, cause the at least one first and second processor to receive a sensor signal from the in vivo
analyte sensor; and determine a temperature-compensated analyte sensor signal with the ambient-compensated tem-
perature.
[0500] In certain embodiments, the at least one memory includes instructions that, when executed by the at least one
first and second processor, cause the at least one first and second processor to determine, with the processor, an analyte
level based on the temperature-compensated analyte sensor signal.
[0501] In certain embodiments, the first temperature sensor is disposed at a skin-contacting surface of the on-body
unit and the second temperature sensor is disposed on a printed circuit board of the on-body unit.
[0502] In some aspects of the present disclosure, analyte monitoring system are provided that include an on-body
unit and receiver. The on-body includes a first processor and first memory communicably coupled to the first processor;
and an in vivo analyte sensor communicably coupled to the first processor. The in vivo analyte sensor includes two
working electrodes. The receiver is configured to communicate with the on-body unit and includes a second processor
and second memory communicably coupled to the second processor. At least one of the first and second memory
includes instructions stored therein that, when executed by at least one of the first and second processors, cause the
at least one first and second processors to detect a first sensor signal from a first electrode on the in vivo analyte sensor;
detect a second sensor signal from a second electrode on the in vivo analyte sensor; and determine a compensated
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temperature at the two working electrodes based on the difference between the temperature dependencies for the
different sensing chemistries on the two working electrodes. The first electrode and second electrode include different
sensing chemistries with different temperature dependencies.
[0503] It should be appreciated that the steps may be performed in various combinations by the processor on the on-
body unit and the receiver in communication with the on-body unit in different embodiments. For example, in certain
embodiments, the processor on the on-body unit detects the first sensor signal from the first electrode on the in vivo
analyte sensor; detects the second sensor signal from a second electrode on the in vivo analyte sensor; and determines
the compensated temperature at the two working electrodes based on the difference between the temperature depend-
encies for the different sensing chemistries on the two working electrodes. As another example, in certain embodiments,
the processor on the on-body unit detects the first sensor signal from the first electrode on the in vivo analyte sensor
and detects the second sensor signal from a second electrode on the in vivo analyte sensor. The first sensor signal and
the second sensor signal are transmitted to the receiver. The receiver receives the first sensor signal and the second
sensor signal. After the detecting the first sensor signal and the second sensor signal, the processor on the receiver
determines the compensated temperature at the two working electrodes based on the difference between the temperature
dependencies for the different sensing chemistries on the two working electrodes.
[0504] In certain embodiments, the compensated temperature is determined by the on-body unit.
[0505] In certain embodiments, the at least one memory includes instructions that, when executed by the at least one
first and second processor, cause the at least one first and second processor to determine an analyte level based on
the temperature-compensated analyte sensor signal.
[0506] In certain embodiments, the compensated temperature is determined by the on-body unit and communicated
to the receiver.
[0507] In certain embodiments, the temperature is determined based on a ratio of the first sensor signal and the second
sensor signal,
[0508] In certain embodiments, the temperature is determined based on a predetermined temperature, sensor areas,
quantity of sensing materials, and efficiencies of the sensing chemistries, and diffusion controlling membrane.
[0509] In certain embodiments, the at least one memory includes instructions that, when executed by the at least one
first and second processor, cause the at least one first and second processor to determining a temperature-compensated
analyte sensor signal with the compensated temperature.
[0510] In certain embodiments, the at least one memory includes instructions that, when executed by the at least one
first and second processor, cause the at least one first and second processor to determine an analyte level based on
the temperature-compensated analyte sensor signal.
[0511] In certain embodiments, the compensated temperature is determined by the on-body unit and communicated
to the receiver.
[0512] In certain embodiments, the temperature-compensated analyte sensor signal is determined with the first sensor
signal and not the second sensor signal.
[0513] In certain embodiments, the temperature-compensated analyte sensor signal is determined with the second
sensor signal and not the first sensor signal.
[0514] In certain embodiments, the temperature-compensated analyte sensor signal is determined with both the first
sensor signal and the second sensor signal.
[0515] In certain embodiments, the first electrode includes a first plurality of sensing elements on the in vivo analyte
sensor and the second electrode includes a second plurality of sensing elements disposed on the in vivo analyte sensor.
[0516] In some aspects of the present disclosure, computer systems are provided that include a processor; and memory
communicably coupled to the first processor. The memory includes instructions stored therein that, when executed by
the processor, cause the processor to receive analyte data (e.g., a sensor signal from an in vivo analyte sensor); receive
temperature data (e.g., a temperature measurement from a temperature sensor); determine whether a threshold re-
quirement is exceeded based on the temperature measurement; and determine a temperature-compensated analyte
sensor signal. When the threshold requirement is not exceeded, the temperature-compensated analyte sensor signal
is determined using the temperature measurement. Only when the threshold requirement is exceeded, the temperature-
compensated analyte sensor signal is determined using an ambient-compensated temperature that is derived by com-
pensating the temperature measurement for ambient temperature.
[0517] In certain embodiments, the computer systems include an in vivo analyte sensor, at least one temperature
sensor, a sensor electronics unit that receives analyte data from the in vivo analyte sensor, and a receiver unit that
receives analyte data from the sensor electronics unit.
[0518] In certain embodiments, the temperature measurement represents skin temperature.
[0519] In certain embodiments, the ambient-compensated temperature is derived by adding a correction factor to the
temperature measurement.
[0520] In certain embodiments, the analyte is glucose.
[0521] In certain embodiments, the threshold requirement includes an upper threshold value, and wherein adding a
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correction factor decreases the temperature measurement when the upper threshold value is exceeded.
[0522] In certain embodiments, the threshold requirement includes a lower threshold value, and wherein adding a
correction factor increases the temperature measurement when the lower threshold value is exceeded.
[0523] In certain embodiments, the threshold requirement includes an upper threshold value and a lower threshold
value, and wherein adding a correction factor decreases the temperature measurement when the upper threshold value
is exceeded and increases the temperature measurement when the lower threshold value is exceeded.
[0524] In certain embodiments, the threshold requirement is exceeded when a value of the temperature measurement
exceeds the threshold requirement.
[0525] In certain embodiments, the threshold requirement is exceeded when a rate-of-change of the temperature
measurement exceeds the threshold requirement.
[0526] In certain embodiments, the memory includes instructions that, when executed by the processor, cause the
processor to detect a calibration temperature measured by the temperature sensor when an on-body unit including the
in vivo analyte sensor is coupled to a body of a test subject; and determine a threshold requirement based on the
calibration temperature.
[0527] In certain embodiments, the threshold requirement includes a predetermined amount of deviation from the
calibration temperature.
[0528] In certain embodiments, the threshold requirement includes an amount of deviation from the calibration tem-
perature, and wherein the amount of deviation is detected by monitoring changes during a period of time.
[0529] In certain embodiments, the calibration temperature is determined based on temperature measurements during
a period of time.
[0530] In certain embodiments, the threshold requirement is exceeded when a rate-of-change of the temperature
measurement exceeds the threshold requirement.
[0531] In certain embodiments, the memory includes instructions that, when executed by the processor, cause the
processor to determine an analyte level based on the temperature-compensated analyte sensor signal.
[0532] In certain embodiments, the temperature measurement is performed by an on-body unit and communicated to
a receiver.
[0533] In certain embodiments, the temperature measurement is performed by a receiver.
[0534] In some aspects of the present disclosure, computer systems are provided that include a processor; and memory
communicably coupled to the first processor. The memory includes instructions stored therein that, when executed by
the processor, cause the processor to receive temperature data (e.g., a temperature measurement from a temperature
sensor); and determine an ambient-compensated temperature from the temperature measurement using an offset term.
[0535] In certain embodiments, the computer systems include an in vivo analyte sensor, at least one temperature
sensor, a sensor electronics unit that receives analyte data from the in vivo analyte sensor, and a receiver unit that
receives analyte data from the sensor electronics unit.
[0536] In certain embodiments, the temperature sensor protrudes from a skin-contacting surface of an on-body unit,
and wherein the temperature measurement represents skin temperature.
[0537] In certain embodiments, the memory includes instructions that, when executed by the processor, cause the
processor to receive analyte data (e.g., a sensor signal from the in vivo analyte sensor); and determine a temperature-
compensated analyte sensor signal with the ambient-compensated temperature.
[0538] In certain embodiments, the memory includes instructions that, when executed by the processor, cause the
processor to determine an analyte level based on the temperature-compensated analyte sensor signal.
[0539] In certain embodiments, the temperature measurement is performed by an on-body unit and communicated to
a receiver.
[0540] In certain embodiments, the offset term that is based on a predetermined core body temperature.
[0541] In certain embodiments, the temperature sensor is disposed on a printed circuit board coupled to an on-body unit.
[0542] In certain embodiments, the offset term that is based on a predetermined core body temperature, and wherein
the predetermined core body temperature is between 36 °C and 38 °C.
[0543] In certain embodiments, the offset term that is based on a predetermined core body temperature, and wherein
the predetermined core body temperature is approximately 37 °C.
[0544] In some aspects of the present disclosure, computer systems are provided that include a processor; and memory
communicably coupled to the first processor. The memory includes instructions stored therein that, when executed by
the processor, cause the processor to (receive temperature data (e.g., sample, at a first sampling rate, first temperatures
measured from a first temperature sensor); determine first ambient-compensated temperatures from the first temperature
measurements; and determine final ambient-compensated temperatures by applying a correction gain or factor to the
first ambient-compensated temperatures. The correction gain or factor changes value at a slower rate than the sampling
rate.
[0545] In certain embodiments, the computer systems include an in vivo analyte sensor, at least one temperature
sensor, a sensor electronics unit that receives analyte data from the in vivo analyte sensor, and a receiver unit that
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receives analyte data from the sensor electronics unit.
[0546] In certain embodiments, the first temperature measurement and/or a second temperature measurement is
performed by the on-body unit and communicated to the receiver.
[0547] In certain embodiments, the first temperature measurement and/or a second temperature measurement is
performed by the receiver.
[0548] In certain embodiments, the correction gain is applied to the first ambient-compensated temperatures.
[0549] In certain embodiments, the memory includes instructions that, when executed by the processor, cause the
processor to sample, at the first sampling rate, additional temperature data (e.g., second temperatures measured from
a second temperature sensor); and determine second ambient-compensated temperatures with the second temperature
measurements. The correction gain is calculated by performing a moving average between first ambient-compensated
temperatures and second ambient-compensated temperatures, such that the correction gain is based on a set of recent
pairs of first ambient-compensated temperatures and second ambient-compensated temperatures.
[0550] In certain embodiments, the first temperature measurement and/or second temperature measurement is per-
formed by an on-body unit and communicated to a receiver.
[0551] In certain embodiments, the first temperature measurement and/or the second temperature measurement is
performed by a receiver.
[0552] In certain embodiments, the correction gain is calculated using parameter adaptation.
[0553] In certain embodiments, the correction gain is calculated using MIT adaptation.
[0554] In certain embodiments, the correction factor is applied to the first ambient-compensated temperatures.
[0555] In certain embodiments, the memory includes instructions that, when executed by the processor, cause the
processor to sample, at the first sampling rate, second temperatures measured from a second temperature sensor; and
determine second ambient-compensated temperatures with the second temperature measurements. The correction
factor is calculated by performing windowed comparisons between the first ambient-compensated temperatures and
the second ambient-compensated temperatures, such that the correction factor is based on a set of recent pairs of first
ambient-compensated temperatures and second ambient-compensated temperatures.
[0556] In certain embodiments, the first temperature sensor is disposed at a skin-contacting surface of an on-body
unit and the second temperature sensor is disposed on a printed circuit board of the on-body unit.
[0557] In certain embodiments, the memory includes instructions that, when executed by the processor, cause the
processor to receive analyte data (e.g., a sensor signal from the in vivo analyte sensor); and determine a temperature-
compensated analyte sensor signal with the ambient-compensated temperature.
[0558] In certain embodiments, the memory includes instructions that, when executed by the processor, cause the
processor to determine, with the processor, an analyte level based on the temperature-compensated analyte sensor
signal.
[0559] In certain embodiments, the first temperature sensor is disposed at a skin-contacting surface of an on-body
unit and the second temperature sensor is disposed on a printed circuit board of the on-body unit.
[0560] In some aspects of the present disclosure, computer systems are provided that include a processor; and memory
communicably coupled to the first processor. The memory includes instructions stored therein that, when executed by
the processor, cause the processor to receive sensor data (e.g., detect a first sensor signal) from a first electrode on
the in vivo analyte sensor; receive additional sensor data (e.g., detect a second sensor signal) from a second electrode
on the in vivo analyte sensor, wherein the first electrode and second electrode include different sensing chemistries with
different temperature dependencies; and determine a compensated temperature at the two working electrodes based
on the difference between the temperature dependencies for the different sensing chemistries on the two working
electrodes.
[0561] In certain embodiments, the computer systems include an in vivo analyte sensor, at least one temperature
sensor, a sensor electronics unit that receives analyte data from the in vivo analyte sensor, and a receiver unit that
receives analyte data from the sensor electronics unit.
[0562] In certain embodiments, the compensated temperature is determined by an on-body unit.
[0563] In certain embodiments, the memory includes instructions that, when executed by the processor, cause the
processor to determine an analyte level based on the temperature-compensated analyte sensor signal.
[0564] In certain embodiments, the compensated temperature is determined by an on-body unit and communicated
to a receiver.
[0565] In certain embodiments, the temperature is determined based on a ratio of the first sensor signal and the second
sensor signal,
[0566] In certain embodiments, the temperature is determined based on a predetermined temperature, sensor areas,
quantity of sensing materials, and efficiencies of the sensing chemistries, and diffusion controlling membrane.
[0567] In certain embodiments, the memory includes instructions that, when executed by the processor, cause the
processor to determining a temperature-compensated analyte sensor signal with the compensated temperature.
[0568] In certain embodiments, the memory includes instructions that, when executed by the processor, cause the
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processor to determine an analyte level based on the temperature-compensated analyte sensor signal.
[0569] In certain embodiments, the compensated temperature is determined by an on-body unit and communicated
to a receiver.
[0570] In certain embodiments, the temperature-compensated analyte sensor signal is determined with the first sensor
signal and not the second sensor signal.
[0571] In certain embodiments, the temperature-compensated analyte sensor signal is determined with the second
sensor signal and not the first sensor signal.
[0572] In certain embodiments, the temperature-compensated analyte sensor signal is determined with both the first
sensor signal and the second sensor signal.
[0573] In certain embodiments, the first electrode includes a first plurality of sensing elements on the in vivo analyte
sensor and the second electrode includes a second plurality of sensing elements disposed on the in vivo analyte sensor.
[0574] In some aspects of the present disclosure, computer-implemented methods of determining an analyte level by
compensating for ambient temperature using a temperature sensor are provided. The computer-implemented method
include receiving analyte data (e.g., a sensor signal derived from an in vivo analyte sensor); receiving temperature data
(e.g., detecting a temperature measurement from a temperature sensor); determining, with a processor, whether a
threshold requirement is exceeded based on the temperature measurement; and determining, with the processor, a
temperature-compensated analyte sensor signal. When the threshold requirement is not exceeded, the temperature-
compensated analyte sensor signal is determined using the temperature measurement. Only when the threshold re-
quirement is exceeded, the temperature-compensated analyte sensor signal is determined using an ambient-compen-
sated temperature that is derived by compensating the temperature measurement for ambient temperature.
[0575] In certain embodiments, the computer-implemented methods include determining an analyte level based on
the temperature-compensated analyte sensor signal.
[0576] In certain embodiments, the temperature sensor is coupled to an on-body unit including the in vivo analyte
sensor.
[0577] In certain embodiments, the temperature measurement represents skin temperature.
[0578] In certain embodiments, the ambient-compensated temperature is derived by adding a correction factor to the
temperature measurement.
[0579] In certain embodiments, the analyte is glucose.
[0580] In certain embodiments, the threshold requirement includes an upper threshold value, and wherein adding a
correction factor decreases the temperature measurement when the upper threshold value is exceeded.
[0581] In certain embodiments, the threshold requirement includes a lower threshold value, and wherein adding a
correction factor increases the temperature measurement when the lower threshold value is exceeded.
[0582] In certain embodiments, the threshold requirement includes an upper threshold value and a lower threshold
value, and wherein adding a correction factor decreases the temperature measurement when the upper threshold value
is exceeded and increases the temperature measurement when the lower threshold value is exceeded.
[0583] In certain embodiments, the threshold requirement is exceeded when a value of the temperature measurement
exceeds the threshold requirement.
[0584] In certain embodiments, the threshold requirement is exceeded when a rate-of-change of the temperature
measurement exceeds the threshold requirement.
[0585] In some aspects of the present disclosure, computer-implemented methods of compensating for ambient tem-
perature using a temperature sensor are provided. The computer-implemented methods include receiving temperature
data (e.g., detecting a temperature measurement from a temperature sensor); and determining, with a processor, an
ambient-compensated temperature from the temperature measurement using an offset term.
[0586] In certain embodiments, the computer-implemented methods include receiving analyte data (e.g., a sensor
signal from an in vivo analyte sensor); and determining, with a processor, a temperature-compensated analyte sensor
signal with the ambient-compensated temperature.
[0587] In certain embodiments, the computer-implemented methods include determining an analyte level based on
the temperature-compensated analyte sensor signal.
[0588] In certain embodiments, the offset term that is based on a predetermined core body temperature.
[0589] In certain embodiments, the predetermined core body temperature is between 36 °C and 38 °C.
[0590] In certain embodiments, the predetermined core body temperature is approximately 37 °C.
[0591] In some aspects of the present disclosure, computer-implemented methods of compensating for ambient tem-
perature using temperature sensors are provided. The computer-implemented methods include receiving temperature
data (e.g., sampling at a first sampling rate, with a processor, first temperature measurements from a first temperature
sensor on an on-body sensor); determining, with a processor, first ambient-compensated temperatures from the first
temperature measurements; and determining, with a processor, final ambient-compensated temperatures by applying
a correction gain or factor to the first ambient-compensated temperatures. The correction gain or factor changes value
at a slower rate than the sampling rate.
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[0592] In certain embodiments, the correction gain is applied to the first ambient-compensated temperatures.
[0593] In certain embodiments, the computer-implemented methods include receiving second sensor data (e.g., sam-
pling at the first sampling rate, with a processor, second temperature measurements from a second temperature sensor
on the on-body sensor); and determining, with a processor, second ambient-compensated temperatures with the second
temperature measurements. The correction gain is calculated by performing a moving average between first ambient-
compensated temperatures and second ambient-compensated temperatures, such that the correction gain is based on
a set of recent pairs of first ambient-compensated temperatures and second ambient-compensated temperatures.
[0594] In certain embodiments, one or more of the processor sampling first temperatures at a first sampling rate, the
processor determining first ambient-compensated temperatures, the processor determining final ambient compensated
temperatures, the processor sampling second temperatures at the first sampling rate, and the processor determining
the second ambient-compensated temperature are different processors.
[0595] In certain embodiments, the sampling of first temperatures at a first rate, the determining of first ambient-
compensated temperatures, the determining of final ambient compensated temperatures, the determining of final ambient
compensated temperatures, the sampling of second temperatures at the first sampling rate, and the determining of the
second ambient-compensated temperature are each performed by either a processor coupled to an on-body unit including
an in vivo analyte sensor or by a processor coupled to a receiver that communicates with the on-body unit.
[0596] In certain embodiments, the correction gain is calculated using parameter adaptation.
[0597] In certain embodiments, the parameter adaptation is MIT adaptation.
[0598] In certain embodiments, the correction factor is applied to the first ambient-compensated temperatures.
[0599] In certain embodiments, the computer-implemented methods include sampling at the first sampling rate, with
a processor, second temperatures measured from a second temperature sensor on the on-body sensor; and determining,
with a processor, second ambient-compensated temperatures with the second temperature measurements. The cor-
rection factor is calculated by performing windowed comparisons between the first ambient-compensated temperatures
and the second ambient-compensated temperatures, such that the correction factor is based on a set of recent pairs of
first ambient-compensated temperatures and second ambient-compensated temperatures.
[0600] In some aspects of the present disclosure, computer-implemented methods are provided that receive sensor
data (e.g., a first sensor signal from a first electrode on an in vivo analyte sensor on an on-body sensor); receive additional
sensor data (e.g., a second sensor signal from a second electrode on the in vivo analyte sensor); and determine a
compensated temperature at the two working electrodes based on the difference between the temperature dependencies
for the different sensing chemistries on the two working electrodes. The first electrode and second electrode include
different sensing chemistries with different temperature dependencies.
[0601] In certain embodiments, the temperature is determined based on a ratio of the first sensor signal and the second
sensor signal.
[0602] In certain embodiments, the temperature is determined based on a predetermined temperature, sensor areas,
quantity of sensing materials, and efficiencies of the sensing chemistries, and diffusion controlling membrane.
[0603] In certain embodiments, the computer-implemented methods include determining, with a processor, a temper-
ature-compensated analyte sensor signal with the compensated temperature.
[0604] In certain embodiments, the computer-implemented methods include determining an analyte level based on
the temperature-compensated analyte sensor signal.
[0605] In certain embodiments, the temperature-compensated analyte sensor signal is determined with the first sensor
signal and not the second sensor signal.
[0606] In certain embodiments, the temperature-compensated analyte sensor signal is determined with the second
sensor signal and not the first sensor signal.
[0607] In certain embodiments, the temperature-compensated analyte sensor signal is determined with both the first
sensor signal and the second sensor signal.
[0608] In certain embodiments, the first electrode includes a first plurality of sensing elements on the in vivo analyte
sensor and the second electrode includes a second plurality of sensing elements disposed on the in vivo analyte sensor.
[0609] Various other modifications and alterations in the structure and method of operation of this disclosure will be
apparent to those skilled in the art without departing from the scope of the embodiments of the present disclosure.
Although the present disclosure has been described in connection with particular embodiments, it should be understood
that the present disclosure as claimed should not be unduly limited to such particular embodiments. It is intended that
the following claims define the scope of the present disclosure and that structures and methods within the scope of these
claims and their equivalents be covered thereby.
[0610] It should be understood that techniques introduced above can be implemented by programmable circuitry
programmed or configured by software and/or firmware, or they can be implemented entirely by special-purpose "hard-
wired" circuitry, or in a combination of such forms. Such special-purpose circuitry (if any) can be in the form of, for
example, one or more application-specific integrated circuits (ASICS), programmable logic devices (PLDs), field-pro-
grammable gate arrays (FPGAs), etc.
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[0611] Software or firmware implementing the techniques introduced herein may be stored on a machine-readable
storage medium and may be executed by one or more general-purpose or special-purpose programmable microproc-
essors. A "machine-readable medium", as the term is used herein, includes any mechanism that can store information
in a form accessible by a machine (a machine may be, for example, a computer, network device, cellular phone, personal
digital assistant (PDA), manufacturing took, any device with one or more processors, etc.). For example, a machine-
accessible medium includes recordable/non-recordable media (e.g., read-only memory (ROM); random access memory
(RAM); magnetic disk storage media; optical storage media; flash memory devices; etc.), etc.
[0612] The term "logic", as used herein, can include, for example, special purpose hardwired circuitry, software and/or
firmware in conjunction with programmable circuitry, or a combination thereof.

Claims

1. A method of determining an analyte level by compensating for ambient temperature using a single temperature
sensor, the method comprising:

receiving a continuous sensor signal derived from an in vivo analyte sensor;
detecting a temperature measurement or a temperature rate-of-change with a temperature sensor;
determining, with a processor, whether the detected temperature exceeds a temperature threshold requirement
or whether the temperature rate-of-change exceeds a temperature rate-of-change threshold requirement; and
determining, with the processor, a temperature-compensated analyte sensor signal;
wherein when the temperature threshold requirement is not exceeded and the temperature rate-of-change
threshold requirement is not exceeded, the temperature-compensated analyte sensor signal is determined using
the detected temperature; and
characterised in that only when the temperature threshold requirement or the temperature rate-of-change
threshold requirement is exceeded, the temperature-compensated analyte sensor signal is derived by applying
a correction factor to the detected temperature measurement to compensate the detected temperature meas-
urement for ambient temperature.

2. The method of claim 1, wherein the analyte is glucose.

3. An analyte monitoring device, comprising:

a housing;
a processor coupled to the housing;
wherein an in vivo analyte sensor is communicably coupled to the processor;
wherein a temperature sensor is communicably coupled to the processor; and
memory communicably coupled to the processor, wherein the memory includes instructions stored therein that,
when executed by the processor, cause the processor to:

receive a sensor signal from the in vivo analyte sensor;
detect a temperature measurement or a temperature rate-of-change with the temperature sensor;
determine whether the detected temperature exceeds a temperature threshold requirement or whether the
temperature rate-of-change exceeds a temperature rate-of-change threshold requirement; and
determine a temperature-compensated analyte sensor signal;
wherein when the temperature threshold requirement is not exceeded and the temperature rate-of-change
threshold requirement is not exceeded, the temperature-compensated analyte sensor signal is determined
using the detected temperature measurement; and
chacterised in that only when the temperature threshold requirement or the temperature rate-of-change
threshold requirement is exceeded, the temperature-compensated analyte sensor signal is derived by
applying a correction factor to the detected temperature measurement to compensate the detected tem-
perature measurement for ambient temperature.

4. The analyte monitoring device of claim 3, wherein the ambient-compensated temperature is derived by adding a
correction factor to the temperature measurement.

5. The analyte monitoring device of claim 3, wherein the analyte is glucose.



EP 2 720 612 B1

48

5

10

15

20

25

30

35

40

45

50

55

6. The method according to claim 1, wherein the temperature measurement is a temperature selected from the group
consisting of an in vivo temperature, ambient temperature, temperature of a processor of a sensor electronics unit
and a skin surface temperature.

7. The analyte monitoring device according to claim 3, wherein the temperature measurement is a temperature selected
from the group consisting of an in vivo temperature, ambient temperature, temperature of a processor of a sensor
electronics unit and a skin surface temperature.

8. The method according to claim 1, wherein the processor only compensates the in vivo glucose sensor data based
on temperature if the temperature exceeds the threshold requirement within a predetermined range.

9. The method according to claim 8, wherein a display will display temperature uncompensated glucose values if the
temperature is determined to be within a first predetermined range and will display temperature-compensated glucose
values if temperature is determined to be in a second predetermined range.

10. The analyte monitoring device according to claim 3, wherein the processor only compensates the in vivo glucose
sensor data based on temperature if the temperature exceeds the threshold requirement within a predetermined
range.

Patentansprüche

1. Verfahren zum Ermitteln eines Gehalts eines Analyten durch Kompensieren des Umgebungstemperatureinflusses
mit Benutzung eines einzelnen Temperatursensors, wobei das Verfahren Folgendes aufweist:

Erhalten eines kontinuierlichen Sensorensignals, das von einem in vivo Analytsensor stammt;
Erfassen einer Temperaturmessung oder einer Temperaturänderungsrate mithilfe eines Temperatursensors;
Ermitteln, mithilfe eines Prozessors, ob die erfasste Temperatur eine Grenztemperaturvorgabe übersteigt oder
ob die Temperaturänderungsrate eine Grenztemperaturänderungsratenvorgabe übersteigt; und
Bestimmen, mithilfe des Prozessors, eines temperaturkompensierten Analytsensorsignals;
wobei, wenn die Temperaturgrenzvorgabe nicht überstiegen wird und die Grenztemperaturänderungsratenvor-
gabe nicht überstiegen wird, das temperaturkompensierte Analytensensorsignal ermittelt wird durch Verwen-
dung der erfassten Temperatur; und
dadurch gekennzeichnet ist, dass nur wenn die Temperaturgrenzvorgabe oder die Grenztemperaturände-
rungsratenvorgabe überstiegen wird, das temperaturkompensierte Analytensensorsignal durch Anwenden ei-
nes Berichtigungsfaktors auf die erfasste Temperaturmessung abgeleitet wird, um für die erfasste Tempera-
turmessung den Umgebungstemperatureinfluss zu kompensieren.

2. Verfahren gemäß Anspruch 1, wobei der Analyt Glukose ist.

3. Analytüberwachungsvorrichtung, die Folgendes aufweist:

ein Gehäuse;
einen mit dem Gehäuse verbundenen Prozessor;
wobei ein in vivo Analytsensor kommunikationsfähig mit dem Prozessor verbunden ist;
wobei ein Temperatursensor kommunikationsfähig mit dem Prozessor verbunden ist; und
Speicher, der kommunikationsfähig mit dem Prozessor verbunden ist; wobei der Speicher darin gespeicherte
Anweisungen aufweist, die, wenn sie von dem Prozessor ausgeführt werden, den Prozessor dazu veranlassen:

ein Sensorsignal von dem in vivo Analytsensor zu empfangen;
eine Temperaturmessung oder eine Temperaturänderungsrate mithilfe des Temperatursensors zu erfas-
sen;
zu bestimmen, ob die erfasste Temperatur eine Grenztemperaturvorgabe übersteigt oder ob die Tempe-
raturänderungsrate eine Grenztemperaturänderungsratenvorgabe übersteigt; und
ein temperaturkompensiertes Analytsensorsignal zu bestimmen;
wobei, wenn die Grenztemperaturvorgabe nicht überstiegen wird und die Grenztemperaturänderungsra-
tenvorgabe nicht überstiegen wird, das temperaturkompensierte Analytsensorsignal mithilfe der erfassten
Temperaturmessung bestimmt wird; und
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dadurch gekennzeichnet ist, dass nur, wenn die Temperaturgrenzvorgabe oder die Grenztemperaturän-
derungsratenvorgabe überstiegen wird, das temperaturkompensierte Analytsensorsignal durch Anwenden
eines Berichtigungsfaktors auf die erfasste Temperaturmessung abgeleitet wird, um für die erfasste Tem-
peraturmessung den Umgebungstemperatureinfluss zu kompensieren.

4. Analytüberwachungsvorrichtung gemäß Anspruch 3, wobei die umgebungskompensierte Temperatur durch Hinzu-
fügung eines Berichtigungsfaktors zur Temperaturmessung abgeleitet wird.

5. Analytüberwachungsvorrichtung gemäß Anspruch 3, wobei der Analyt Glukose ist.

6. Verfahren gemäß Anspruch 1, wobei die Temperaturmessung eine Temperatur ist, die ausgewählt ist aus der
Gruppe bestehend aus einer in vivo Temperatur, Umgebungstemperatur, Temperatur eines Prozessors einer Sen-
sorelektronik-Einheit und einer Hautoberflächentemperatur.

7. Analytüberwachungsvorrichtung gemäß Anspruch 3, wobei die Temperaturmessung eine Temperatur ist, die aus-
gewählt ist aus der Gruppe bestehend aus einer in vivo Temperatur, Umgebungstemperatur, Temperatur eines
Prozessors einer Sensorelektronik-Einheit und einer Hautoberflächentemperatur.

8. Verfahren gemäß Anspruch 1, wobei der Prozessor für die in vivo Glukosesensordaten eine temperaturbasierte
Kompensation nur ausführt, wenn die Temperatur die Grenzwertvorgabe innerhalb eines vorbestimmten Bereiches
übersteigt.

9. Verfahren gemäß Anspruch 8, wobei ein Bildschirm nicht temperaturkompensierte Glukosewerte anzeigt, wenn für
die Temperatur bestimmt ist, dass sie in einem ersten vorbestimmten Bereich ist, und temperaturkompensierte
Glukosewerte anzeigt, wenn für die Temperatur bestimmt ist, dass sie in einem zweiten vorbestimmten Bereich ist.

10. Analytüberwachungsvorrichtung gemäß Anspruch 3, wobei der Prozessor für die in vivo Glukosesensordaten eine
temperaturbasierte Kompensation nur ausführt, wenn die Temperatur die Grenzwertvorgabe innerhalb eines vor-
bestimmten Bereiches übersteigt.

Revendications

1. Procédé de détermination d’un niveau de substance à analyser par compensation de la température ambiante à
l’aide d’un unique capteur de température, le procédé comprenant :

recevoir un signal de capteur continu obtenu d’un capteur de substance à analyser in vivo ;
détecter une mesure de température ou un taux de changement de température avec un capteur de température ;
déterminer, avec un processeur, si la température détectée dépasse une exigence de seuil de température ou
si le taux de changement de température dépasse une exigence de seuil de taux de changement de température ;
et
déterminer, avec le processeur, un signal de capteur de substance à analyser à compensation de température ;
dans lequel, lorsque l’exigence de seuil de température n’est pas dépassée et que l’exigence de seuil de taux
de changement de température n’est pas dépassée, le signal de capteur de substance à analyser à compen-
sation de température est déterminé à l’aide de la température détectée ; et
caractérisé par le fait que, uniquement lorsque l’exigence de seuil de température ou l’exigence de seuil de
taux de changement de température est dépassée, le signal de capteur de substance à analyser à compensation
de température est obtenu par application d’un facteur de correction à la mesure de température détectée pour
compenser la mesure de température détectée pour la température ambiante.

2. Procédé selon la revendication 1, dans lequel la substance à analyser est du glucose.

3. Dispositif de surveillance de substance à analyser, comprenant :

un boîtier ;
un processeur couplé au boîtier ;
un capteur de substance à analyser in vivo étant couplé de manière communicative au processeur ;
un capteur de température étant couplé de manière communicative au processeur ; et
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une mémoire couplée de manière communicative au processeur, la mémoire contenant des instructions stoc-
kées à l’intérieur de celle-ci qui, lorsqu’exécutées par le processeur, amènent le processeur à :

recevoir un signal de capteur obtenu à partir du capteur de substance à analyser in vivo ;
détecter une mesure de température ou un taux de changement de température avec le capteur de
température ;
déterminer si la température détectée dépasse une exigence de seuil de température ou si le taux de
changement de température dépasse une exigence de seuil de taux de changement de température ; et
déterminer un signal de capteur de substance à analyser à compensation de température ;
dans lequel, lorsque l’exigence de seuil de température n’est pas dépassée et que l’exigence de seuil de
taux de changement de température n’est pas dépassée, le signal de capteur de substance à analyser à
compensation de température est déterminé à l’aide de la mesure de température détectée ; et
caractérisé par le fait que, uniquement lorsque l’exigence de seuil de température ou l’exigence de seuil
de taux de changement de température est dépassée, le signal de capteur de substance à analyser à
compensation de température est obtenu par application d’un facteur de correction à la mesure de tempé-
rature détectée pour compenser la mesure de température détectée pour la température ambiante.

4. Dispositif de surveillance de substance à analyser selon la revendication 3, dans lequel la température à compen-
sation ambiante est obtenue par addition d’un facteur de correction à la mesure de température.

5. Dispositif de surveillance de substance à analyser selon la revendication 3, dans lequel la substance à analyser
est du glucose.

6. Procédé selon la revendication 1, dans lequel la mesure de température est une température choisie parmi le groupe
constitué d’une température in vivo, de la température ambiante, de la température d’un processeur d’une unité
électronique de capteur et d’une température de surface de peau.

7. Dispositif de surveillance de substance à analyser selon la revendication 3, dans lequel la mesure de température
est une température choisie parmi le groupe constitué d’une température in vivo, de la température ambiante, de
la température d’un processeur d’une unité électronique de capteur et d’une température de surface de peau.

8. Procédé selon la revendication 1, dans lequel le processeur compense uniquement les données de capteur de
glucose in vivo sur la base d’une température si la température dépasse l’exigence de seuil dans une plage prédé-
terminée.

9. Procédé selon la revendication 8, dans lequel un dispositif d’affichage affichera des valeurs de glucose à non-
compensation de température si la température est déterminée comme étant dans une première plage prédéterminée
et affichera des valeurs de glucose à compensation de température si la température est déterminée comme étant
dans une seconde plage prédéterminée.

10. Dispositif de surveillance de substance à analyser selon la revendication 3, dans lequel le processeur compense
uniquement les données de capteur de glucose in vivo sur la base d’une température si la température dépasse
l’exigence de seuil dans une plage prédéterminée.
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